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EXECUTIVE  SUMMARY 


This  study  applies  a  new  and  highly  discrete  system  for  classifying 
homogeneous  units  of  terrain  within  the  urban  (MOUT)  environment.  The 
system,  refined  for  this  report,  was  introduced  by  the  author  in 
conjunction  with  the  development  and  use  of  a  computer-assisted  game 
(ACABUG)  for  combat  development  studies  initiated  by  U.S.  Army  Training  and 
Doctrine  Command's  (TRADOC)  System  Analysis  Activity  (TRASANA),  White  Sands 
Missile  Range,  NM.  The  system  used  here  represents  an  attempt  to  identify 
and  understand  varying  patterns  of  urban  terrain  that  would  be  encountered 
in  MOUT  activity  anywhere  in  the  world.  Previously  employed  systems  have 
either  been  restricted  to  the  west  European  theater  or  were  developed  (as 
long  ago  as  World  War  II)  for  special  purposes  such  as  assessment  of  aerial 
bombardment  damage.  The  study  is  specifically  dedicated  to  supporting  the 
data  requirements  of  today's  MOUT  planners  and  scientists  engaged  in 
weapons  development  and  combat  development  studies. 

Distinct  steps  were  followed  in  obtaining  and  analysing  the  data 
produced  in  the  study.  First,  representative  cities  were  selected  from  the 
four  Bkajor  regions  to  be  sampled:  Europe,  Mediterranean-Middle  East, 
Asian,  and  Latin  American.  The  European  group  consists  of  Helsinki, 
Finland;  Braunschweig  and  Stuttgart,  West  Germany;  and  Vienna,  Austria.  In 
the  Mediterranean-Missile  East  area  are  Athens-Plraeus,  Greece;  Beirut, 
Lebanon;  Tel  Aviv-Yafo,  Israel;  and  Tunis,  Tunisia.  The  Asian  cities  are 
Kuala  Lumpur,  Malyasia;  and  Colombo,  Sri  Lanka.  Latin  American  cities  are 
San  Jose,  Costa  Rica;  Panama  City-Balboa,  Panama;  and  Caracas,  Venesuela. 
Visual  imagery  and  maps  were  obtained  for  each  city.  Territory  studied 
within  each  city  was,  as  nearly  ad  data  .u>verage  allowed,  the  contiguously 
built-up  urban  and  suburban  area. 

'Ihe  second  step  consisted  of  delineating  the  urban  terrain  sones  on 
maps  of  the  city.  Zonal  identification  was  determined  from  image 
interpretation  and  supported  by  visits  to  all  but  one  of  the  cities  to 
determine  "ground  truth."  Nearly  all  the  urban  terrain  cones  have  nuawrous 
occurrences  within  each  city.  The  term  sons  is  defined  here  to  indicate 
areas  of  homogeneous  types  of  urban  terrain.  Once  delineation  was 
completed,  individual  thematic  maps  were  created  of  each  cone  in  each  city. 
Each  map  is  reproduced  and  appears  in  Appendix  C. 

Measureiaants  (in  hectares)  of  each  sone  were  then  made  and  tabulated. 
TabJLes  were  prepared  that  susned  data  by  each  city  and  totaled  by  region 
for  all  the  study  cities. 

These  data  were  analysed  and  aggregated  in  various  ways,  for  example, 
whether  buildings  within  sones  were  attached  or  detached  and  by  functional 
use,  such  SG  residential,  commercial,  industrial/sf.orage,  etc<  Ranking 
each  sone,  in  accordance  with  its  area  covered,  was  also  done  in  order  to 
aid  understanding  the  nature  of  the  )ft)UT  environment. 
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The  search  for  replicarive  patterna  of  the  aonea  waa  furthered  by  the 
creation  of  a  seriea  of  thenatic  maps  of  single  functions  of  selected  urban 
terrain  aonea.  Each  waa  compared  and  analysed. 

Several  findings  could  prove  to  be  significant  to  MOUT  planners.  One 
is  the  iMasurement  that,  all  together,  about  tvo*-thirda  (69.6  percent)  of 
the  area  of  all  urban  terrain  (including  open  spaces)  has  buildings  that 
are  detached  from  one  another.  The  cumaonly  expressed  concept  of  urban  r 

terrain  consisting  mainly  of  attached  ouildings  aligned  along  "street 
canyons"  and  therefore  causing  severe  problems  for  personnel  and  vehicle 
movement  (masking,  restrictive  arming  distances,  etc.)  is  applicable  in 
only  about  one-fifth  of  the  total  area  of  the  city,  (even  though  this  » 

portion  almost  invariably  contains  the  tallest  buildings  and  a  city's  most 
valuable  and  significant  real  estate).  These  data,  suoaed  by  city  and 
aggregated  by  region,  provide  a  further  level  of  information.  For  suiny 
terrain  sone  classes,  little  variation  is  seen  from  one  region  to  another 
indicating  the  universality  of  the  characteristics  of  the  urban  environ¬ 
ment.  The  identification  of  situations  witere  sonal  variation  is  significant 
is  potentially  useful  to  HOUT  scientists  in  making  regional  adjustments  to 
the  universal  generalisations. 

The  data  are  also  aggregated  by  functional  use  in  order  to  provide  a 
familiar  base.  In  a  general  way,  63.8  percent  of  the  area  of  cities  is 
taken  up  with  residential  land  use.  Industrisl/storage  is  the  nexf  most 
important,  with  14.1  percent  of  the  total,  while  commercial  uses,  in  total, 
form  only  a  perhaps  surprisingly  small  2.5  percent  of  total  area. 

Especially  important  is  the  finding  that  only  1  percent  of  the  total 
aggregated  area  of  cities  is  consumed  by  the  most  significant  and  treasured  ^ 

area  of  all,  the  city  core.  Of  course,  if  floor  space  were  to  be 

considered,  this  ares  of  high-rise  buildings  would  account  for  a  fairly 
high  proportion  of  the  total  floor  space  of  a  city.  Also,  the  tall 

buildings  of  the  core  area  impart  a  distinctive  character  to  the  urban 
environment,  one  that  provides  a  unique  set  of  both  advantages  and 
disadvantages  to  either  attackers  or  defenders. 

Analysis  of  a  series  of  aiugle  thematic  maps  of  selected  terrain  sones 
provides  a  base  for  the  development  of  urban  spatial  aw>dels  that  could  be 
extremely  useful  in  MOUT  planning.  Each  of  the  sets  of  sonel  mips  conveys 
useful  generalisations.  To  wit,  the  core  areas  of  cities  are  .lot  always 

located  at  the  centroid  of  a  city  but  rather  are  found  at  points  that  were 

most  central  at  the  time  of  a  city's  early  development.  For  instance,  for 
port  cities,  these  cores  developed  at  the  waterfront  and,  with  few 

exceptions,  have  not  migrated  to  another  part  of  the  city  even  though  the 
built-up  area  has  increased  several  fold.  Likewise,  railroad  and 
dock-related  industrial/storage  areas  are  found  in  earlier  developed 
sections  of  the  city,  suinly  at  the  periphery  of  the  core  areas,  wl'.^D 
docks  and  railroad  lines  serve  (or  did  serve)  the  core.  The  sndern 
open-set  apartment  complexes  are  located  invariably  at  fairly  great 
distances  from  the  core  on  land  parcels  large  enough  for  planned 
developments.  They  form  a  loose  ring  at  the  edge  of  most  of  the  cities. 
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As  night  bt  sxpactsd,  ths  srsas  of  low  dansity,  datachad  •ingla-famil) 
housas,  ara  virtually  all  found  at  tha  outaraost  adgas  of  tha  built-up 
araa.  Tha  adainistrativa/eultural  cantata,  by  contrast,  ara  the  most 
avanly  distributad  of  all  tonal  elassas  because  they  consist  of  tha 
concentrated  core  to  tha  remarkably  avanly  distributed  elementary  and 
secondary  schools. 

In  addition  to  tha  mapping,  measuring,  and  analysing  of  the  terrain 
''  tones  as  spatial  phanomana,  tha  types  and  heights  of  buildings  within  the 

tones  were  also  studied  and  recorded.  Mass  construction  buildings  form  s 
majority  in  soma  tones  while  frasiad  buildings  dominate  in  other  tones.  As 
would  be  expected,  mass  construction  is  tha  mode  in  tha  older  attached  and 
^  detached  housas  tones.  These  structures  also  form  the  majority  in  the 

detached,  but  close-set,  low-rise  apartment  tones.  Framed  construction 
buildings,  however,  form  tha  majority  in  all  three  subtypes  of  the 
industrial/storage  tone.  They  ara  also  dominant,  as  anticipated,  in  the 
detached,  open-set  apartment  tone,  in  the  core  periphery  tone,  and  in  the 
adminiatrativa/cultural  tone. 

Urban  terrain  tones  also  have  distinctive  characteristics  of  building 
height.  The  tones  of  tall  buildings  are  the  core  areas,  their  peripheries, 
planned  detached  apartment  complexes,  and  outer  cities.  The  tones  with  low 
buildings  are  those  of  truck-related  detached  industrial/storage,  houses, 
commercial  ribbons,  and  administrative/cultural  uses. 

Detailed  measurements  are  provided  for  buildings  of  the  core  areas  of 
the  studied  cities.  Data  are  given  on  building  construction  type,  building 
height,  and  texture  of  outer  wall  surfaces.  Framed  buildings  (heavy  clad 
and  light  clad  combined)  form  60.3  percent  of  the  total.  Despite  the  image 
of  core  areas  being  tall,  on  the  average  for  all  the  cities,  only  22 
percent  of  all  core  area  buildings  are  over  eight  stories  high.  The  BK>st 
common  height  is  three,  four,  and  five  stories.  Surface  texture  is  a 
related  feature.  Many  of  these  buildings  are  of  mass  construction,  and 
•  according  to  common  practice,  have  had  plaster  placed  rver  the  bricks  to 

protect  them  from  weathering.  Over  60  percent  of  the  core  area  buildings 
are  plastered.  The  remainder  consiets  of  decoretive  brick,  stone  veneer, 
glass,  and  composition  material. 

The  following  conclusions  were  reeched: 

•  Though  Buny  conditions  vary  widely  for  cities  around  the  w-.^rld, 
a  positive  sense  of  order  and  replication  exists  for  the  urban  terrain 
zones  of  these  cities. 

•  Urban  terrain  sones  and  building  types  of  these  cities  are 
readily  classified  in  accordance  with  a  universal  scheme. 

I 

•  The  study  cities  are  remarkably  similar  in  the  physical 
characteristics  of  their  buildings  and  terrain  sones  despite  visual 
differences  in  architecture. 
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•  Interpreting  remotely  eenaed  imagery,  supported  by  "ground 
truth"  observations,  is  a  valid  method  of  acquiring  highly  detailed  data. 

•  Field  observations  indicate  that  the  principles  concerning  MOUT 
usage  of  buildings  (developed  in  the  Training  Aids  publication  (Ellefsen, 
Carlson,  Thein,  Hilligan,  Lein,  A  Kansmoto,  1981]  are  applicable  to  the 
study  cities). 

•  The  urban  terrain  cones  delimited  in  the  study  are  at  near  the 
optimum  level  of  generalisation  to  serve  the  needs  of  a  variety  of  HOUT 
studies. 

•  Variations  in  cities  from  region  to  region  are  caused,  to  a 
considerable  degree,  by  differences  in  level  of  economic  development  and 
cultural  preferences. 

•  Development  of  a  spatial  model  can  be  achieved  by  expanding  and 
using  the  single  urban  terrain  tone  thematic  maps.  Such  a  model  has  a  high 
potential  value  for  future  MOUT  studies. 

•  The  extensive  spatial  expansion  of  cities  throughout  the  world 
in  the  lest  three  decades  has  significant  ramifications  for  HOUT.  One  is 
the  greatly  increased  use  of  reinforced  concrete  framed  construction  in  all 
parts  of  cities.  This  is  only  one  expression  of  the  pronounced  trend  to 
using  ever  lighter  construction  in  the  last  century.  Another  is  the 
construction  of  such  related  urban  terrain  sones  as  detached,  high-rise 
apartments,  truck-related  industrial/storage  sones,  and  shopping  centers. 
These  have  the  effect  of  producing  a  sosMwhat  sharper  edge  to  the  periphery 
of  the  city  than  is  the  case  with  unplanned  incremental  expansion  composed 
primarily  of  houses. 

These  lead  to  the  following  racoassendations: 

b  MOUT  planners  should  develop  a  data  base  (containing 
information  on  terrain  sones,  buildings,  etc.)  for  a  large  nurt>er  of 
international  cities  where  threat  situations  could  occur.  Such  a  base 
would  be  useful  both  to  general  theoretical  studies  and  to  the  development 
of  a  discrete  inventory. 

•  Develop  a  general  spatial  model  of  the  urban  terrain  sones  of 
cities  with  variations  of  the  model  for  the  different  regions. 

•  Prepare  contingency  planning  for  the  new  type  of  features 
encountered  in  the  ever  expanding  peripheral  areas  of  cities,  the  region 
loosely  and  misleadingly  referred  to  an  the  suburbs. 

•  The  data  acquired  and  the  knowledge  gained  of  the  characteris¬ 
tics  of  the  MOUT  environment  should  be  transmitted  to  the  entire  MOUT 
community  in  general  and  to  branches  ox  the  U.S.  Army  in  particular. 
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•  The  concept  of  urban  terrain  aones  ahould  be  directed  to  MOUT 
planners,  especially  those  in  combat  development  and  weapons  development. 
These  zones  could  serve  as  elementary  building  blocks  in  the  development  of 
specialized  techniques  and  variations  of  weapons.  The  MGUI  environment  is 
significantly  varied  from  place  to  place  within  the  city  and  these 
differences  should  be  incorporated  into  thinking  about  urban  combat.  The 
urban  tetrair.  should  not  be  treated  simplistically.  Each  urban  terrain 
zone  has  advantages  and  disadvantages. 
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URBAN  TERRAIN  ZONE  CHARACTERISTICS 


INTRODUCTION 

Scientists  engaged  in  weapons  development  or  combat  development 
studies  have  a  general  need  for  information  about  the  environment  as  a 
significant  design  parameter;  an  example  would  be  the  effects  of  deserts 
and  jungles  on  equipment.  A  special  need  exists  for  detailed  information 
on  the  nature  of  the  urban  terrain,  for  studies  generally  classed  under  the 
heading  of  Military  Operations  on  Urban  Terrain  ()R)UT). 

The  principal  purpose  of  this  study  is  to  add  to  Che  existing  )R)UT 
data  base  pertinent  information  about  the  urban  environment  in  13  selected 
urban  areas  from  around  the  world  representing  several  broad  environments. 
Representing  the  Northwest  European  urban  environment  are  the  cities  of 
Helsinki,  Finland;  Braunschweig  and  Stuttgart,  West  Germany;  and  Vienna, 
Austria.  The  Mediterranean-Middle  East  area  is  represented  by  Athens- 
Pireaus,  Greece;  Beirut,  Lebanon;  Tel  Aviv-Yafo,  Israel;  and  Tunis, 
Tunisia.  Asia  is  represented  by  Kuala  Lumpur,  Malaysia;  and  Colombo,  Sri 
Lanka.  Latin  America  is  represented  by  San  Jose,  Costa  Rica;  Panama 
City-Balboa,  Panama;  and  Caracas,  Venezuela. 

The  information  presented  in  this  report,  gathered  specifically  to 
support  weapons  development  work,  consists  primarily  of  the  two  major  items 
of  1)  delineation  and  description  of  the  urban  terrain  zones  of  the  study 
cities;  and  2)  the  types  of  buildings  and  their  characteristics  found  in 
those  zones.  The  data  gathered  in  the  course  of  the  study  (both  in  field 
work  and  in  interpretation  of  aerial  imagery)  are  analyzed  and  generalized 
upon  with  a  view  toward  characterizing  urban  terrain  generally  and  in  broad 
regions  of  the  world  specifically. 

Tt:e  study  is  an  extension  of  work  done  earlier  by  the  author  and 
collaborating  colleagues.  The  first  probe  into  the  character  of  the  urban 
terrain  was  published  as  part  of  a  broad  study  supported  by  the  Advanced 
Research  Projects  Agency  (ARPA),  now  DARPA,  and  appeared  under  the  title  of 
Military  Operations  in  Built-up  Areas  (Ellefsen,  1973).  A  later  study 
(Ellefsen,  Coffland,  &  Orr,  1977)  began  an  inquiry  into  buildings,  as  an 
integral  part  of  urban  terrain,  that  continued  in  several  later  works.  One 
of  these  works,  Urban  Terrain  Analysis  Training  Aids  (Ellefsen,  Carlson, 
Thein,  Milligan,  Lein,  &  Kanemoto,  1981),  provided  specific  data  on  build¬ 
ing  characteristics  that  were  later  incorporated  into  U.S.  Army  Field 
Manual  90-10-1,  An  Infantryman’s  Guide  to  Urban  Combat  (Department  of  the 
Army,  1980). 

The  information  provided  in  these  studies  has  also  been  used  in 
support  of  the  modeling  of  urban  terrain  for  combat  development  studies. 
Interest  in  the  subject  has  been  expressed  both  within  the  U.S.  Army  and 
internationally  for  the  four  English  speaking  countries  (the  United  States 
[America],  Britain,  Canada,  and  Australia,  the  ABCA  countries).  The  four 
countries  collaborated  on  a  Quadripartite  experiment  with  urban  terrain 
modeling.  One  product  of  this  joint  effort  was  the  development  of  a  system 
of  classifying  both  the  building  and  the  zones,  as  components  of  the  urban 
terrain,  one  that  can  lead  to  standardization  of  terms  for  the  purpose  of 
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enhancing  communication  among  the  armies  of  the  four  countries;,  The  study 
(Ellefsen,  1983)  was  published  by  TRADOC  Systems  Analysis  Activity 
(TRASANA)  under  the  title  of  American  Canadian  Australian  British  Urban 
Game  (ACABDG)  Urban  Terrain  Classification  System.  The  classification 
system  introduced  In  that  document  is  applied  in  this  study. 


METHOD 

A  method  had  to  be  devised  to  examine  objectively  the  physical 
characteristics  of  the  urban  environment.  Because  these  physical 
characteristics  deal  with  form — in  the  form  of  patterns  of  zones,  streets, 
open  space  and  other  spatial  items,  and  in  the  buildings  that  occupy  these  a 

urban  surface  spaces — the  term  morphology,  or  literally  form  or  shape,  was 
adopted  and  is  used  throughout  this  document.  The  term  is  used  to  make 
deer  the  separation  from  function,  the  use  to  which  buildings  and  not 
built-upon  surface  is  put.  The  contention  is  made  that  the  form  and  shape 
of  the  city  are  of  far  greater  importance  in  a  coiid>at  situation  than  is  the 
civilian  usage  of  the  city  in  a  precombat  environment. 

The  notion  of  form  and  shape  is  of  vital  importance  in  making  a 
distinction  between  urban  terrain  and  nonurban  terrain.  Urban  terrain, 
being  a  man-made  environment,  is  composed  of  angular  forms,  the  like  of 
which  occurs  only  rarely  in  nonurban  terrain.  Not  only  are  these  forms 
angular  in  planimetric  pattern  (as  a  grid  street  pattern)  but  in  the  third 
dimension  as  well.  Verticality  becomes  of  great  importance,  for  this  not 

only  creates  extremely  difficult  barriers  to  assault,  but  provides  the 

defense  with  a  man-made  form  of  "high  ground."  A  large  city  provides 

several  planes  of  "urban  high  ground"  and,  in  many  instances,  a 

subterranean  level  in  addition.  Moreover,  the  multiplication  of  surface 
space  in  the  form  of  multistory  buildings,  means  that  even  though  the  total 
area  of  cities  is  not  very  great,  the  aggregate  total  surface  space  (the 
floor  area)  on  which  combat  could  occur  is  several  times  greater  than  the 
surface  space  as  shown  on  a  map  and  represents  a  sizable  area  when  totaled. 

From  the  viewpoint  of  the  defender,  this  urban  space  is  both  large  and 
complex  in  its  characteristics.  Further  considering  the  concealment  and 
cover  possibilities  provided  by  buildings,  there  is  little  cause  for  wonder 
at  the  frequently  quoted  statement  that  urban  terrain  is  a  force  multiplier 
to  the  defenders. 


Procedural  Steps  Employed 

The  method  involved  for  all  of  the  cities  examined  is  detailed  below. 


Development  of  the  classification  systems.  A  prerequisite  step 
in  the  development  of  the  system  was  the  identification  of  order  in  the 
urban  universe.  Considering  that  cities  are  compos sd  of  buildings, 
streets,  and  other  man-made  features,  the  call  for  finding  order  can  best 
be  subdivided  into  the  three  basic  steps  of  1)  developing  a  system  to 
classify  types  of  building  construction;  2)  developing  a  system  for 
classifying  urban  terrian  zones  within  the  city;  and  3)  delineating  these 
zones  on  large-scale  urban  maps.  Thus,  two  major  classification  systems 
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were  formed,  one  for  building  construction  types  (see  Appendix  A),  the 
other  for  urban  terrain  zones.  The  method  for  classifying  buildings 
evolved  during  the  course  of  several  projects  (as  presented  in  two  major 
monographs,  one  Urban  Building  Characteristics,  Setting  and  Structure  of 
Building  Types  in  Selected  World  Cities  [Ellefsen.  Coffland.  &  Orr.  1977]; 
and  the  other,  Urban  Terrian  Analysis  Training  Aids  [Ellefsen,  Carlson, 
Thein,  Milligan,  Lein,  &  Kanemoto,  1981]).  The  method  for  classifying 
urban  terrain  zones  was  designed  while  the  author  was  engaged  in  the  ABCA 
project  at  TRASANA  and  was  published  primarily  in  American  Canadian 
Australian  British  Urban  Game  (ACABUG) ,  Urban  Terrain  Classification 
System  (Ellefsen,  1983). 

In  this  study,  these  systems  were  used  to  delimit  the  urban  terrain 
zones  of  each  city  and  to  record  building  types  found  therein.  Tliis  was 
achieved  by  performing  photo  interpretation  techniques  on  visual  imagery  of 
the  study  cities;  resolution  of  the  imagery  was  fine  enough  to  see 
revealing  characteristics  of  buildings  and  their  settings.  To  support  the 
interpretation  of  the  images,  all  but  one  city  (Beirut)  was  visited  to  gain 
"ground  truth"  information.  This  information  supported  and  corroborated 
image  interpretation  and  provided  additional  data  on  such  features  as  the 
nature  of  building  constrv'ction  materials. 

The  urban  terrain  zone  classification  system  (Table  1)  used  is  as 
given  below.  The  system  is  designed  around  the  concept  of  progressively 
more  complex  levels.  Level  I,  the  most  general,  makes  the  primary 
distinction  between  zones  where  buildings  are  attached  to  each  other  with 
little  or  no  setback  from  the  street  from  zones  where  buildings  are 
detached  from  each  other.  Within  this  detached  class  there  are  those  where 
there  is  but  little  distance  (a  few  meters)  between  structures  and  those 
where  a  considerable  amount  of  distance  separates  buildings.  Level  II,  the 
heart  of  the  classification  system  as  used  in  this  study,  provides 
accounting  for  zones  that  are  distinctly  different  from  each  other  both  in 
overall  pattern  and  in  types  of  buildings  occupying  them.  Level  III, 
used  only  in  one  instance  in  this  study,  provides  for  yet  more  detail  and 
subdivision  of  broader  classes. 


Urban  Terrain  Zones:  Definitions 

Urban  terrain  is  not  the  same  in  all  parts  of  the  city.  Do%mtown 
areas — with  their  tall  buildings  set  close  to  each  other — are  obviously 
very  different  from  industrial  areas  and  from  sections  of  single-family 
detached  houses.  These  differences  cause  great  variation  in  the  important 
military  considerations  of  cover,  concealment,  deployment,  maneuver,  etc. 

In  the  following  sections,  a  classification  of  urban  terrain  zones  is 
presented,  one  that  has  proven  to  be  suitable  for  the  study  cities  and 
others  examined  elsewhere  by  the  author.  Extrapolation  suggests  that  the 
urban  terrain  zones  used  here  are  applicable  everywhere. 


Table  1 


Urban  Terrain  Zone  Classification  System  for  MOUT  Studies 


Class  Levels 


Level  I 


Level  II 


Level  III 


A  Attached  A-1  Commercial  offices,  retail,  etc.; 

core  area;  low-  to  high-rise;  mass  and 
framed  construction;  to  present 


(Attached  build¬ 
ings,  little  or 
no  setback, 
•'Urban  Form") 


A-2  Apartments/hotels;  near  core  area; 
virtually  complete  filling  of  block 
frontage:  4  and  more  stories  high; 
iBostly  pre-World  War  II 


A-3  Apartments  and  abutted-wall  houses; 
adjacent  to  core  area;  fewer  than  4 
stories;  mostly  pre-World  War  II 

A-4  Industrial/storage;  near  core  area; 
on  ordered  blocks  with  little  or  no  set¬ 
back;  medium-rise;  mass  and  framed  con¬ 
struction;  mostly  pre-World  War  II 


A-5  Commercial  ribbon  development;  on  some 
arterials  outward  from  core  and  elsewhere; 
virtually  complete  filling  of  block  frontage 
along  street:  low-  to  medium-rise  (to  5 
stories);  to  present 

A-9  Commercial  residential  only  slightly 
modified  old  city  core;  near  modern  core; 
commonly  2-6  stories;  (example,  European 
Medieval,  Middle  East  Medinas) 


(continued) 
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Table  1  (Continued) 


Urban  Terrain  Zone  Claesification  System  for  MOUT  Studies 


4^ 


0 


K 


Class  Levels 


Level  1 


Level  II 


Level  III 


D  -  Detached 
(Detached  build¬ 
ings  [set  back 
from  street  with 
rear  to  rear  and 
lateral  separa¬ 
tion  from 
neighboring 
structures — 
"Rural  Form"]; 
two  levels  of 
building  con¬ 
centration, 
close-set  and 
open-set) 

Close-set  c 


Del  Commercial  office;  core  area;  hi^- 
rise;  light-clad  framed;  post-1945 

Dc2  Residential  apartments/row  houses, 

75Z  and  more  block  frontage;  varying 
locations;  to  present 

Dc3  Residential  houses,  75Z  and  more 
block  frontage;  varying  locations;  to 
present 

Dc4  Industrial/storage,  linear  building 
pattern;  railroad  or  dock-related;  low- 
rise:  present 

Dc5  Commercial  office  ("Outer  City");  at 
metropolitan  area  periphery;  high-rise; 
light-clad  framed;  post-1945 

Dc7  Residential  dominant,  former  nucle¬ 
ated  agricultural  village;  at  city  peri¬ 
phery  (sometimes  engulfed);  low-rise; 
old  construction 

Dc8  Residential  "Shanty  Tewns"  (e.g., 
Bidonvilles) ;  city  periphery  locations; 
temporary  construction;  low-rise;  post-1945 


(continued) 
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Table  1  (Contin>ed) 

Urban  Terrain  Zone  Classicication  Syb!r.em  for  MOUT  Studies 


Class  Levels 


Level  I 


Level  II 


Level  III 


D  -  Detached  Dol  Shopping  Centers;  beyond  core; 

low-rise,  mass  construction  dominant; 
Open-Set  o  po8t-1945 

Do2  Residential  apartments  and  row 
housing,  less  than  75Z  block  frontage; 
low-  to  medium-rise;  varying  locations; 
low-  to  high-rise;  po8t-1945 

Do3  Residential  houses,  less  than  75Z 
frontage;  low-rise;  varying  locations; 
to  present 


Do31  Week¬ 
end  houses 
(Huten)  lo¬ 
cated  in 
public  leased 
areas  in 
Germany 


Do4  Industrial/storage,  truck-related; 
varying  locations;  ordered  pattern  within 
sone  (buildings  fairly  evenly  spaced, 
separated  by  parking  lots,  storage  area); 
low-rise;  post-1920* s 

DoS  Commercial  ribbon  development;  along 
some  new  arterials;  open  pattern  (buildings 
separated  by  intervening  parking  lots  and 
open  storage  areas);  low-rise  (fewer  than  5 
stories);  po8t-1945 

Do6  Administrative/cultural  (e.g.,  govern¬ 
ment,  schools,  hospital  complexes);  low-  to 
medium-rise;  varying  locations;  ordered 
building  pattern;  to  present 
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Why  is  it  that  cities  may  be  readily  divided  into  distinctive  zones? 
The  answer  lies  in  the  fact  that  people  in  cities  everywhere  react  in  about 
the  same  way  to  universal  economic  conditions  or  problt^ms.  In  the  case  of 
urban  terrain  zones,  the  response  to  the  cost  of  land  on  which  to  erect 
city  buildings  is  always  the  same.  First,  the  cost  of  land  in  cities  is 
the  greatest  at  the  point  in  the  city  that  has  been  or  is  currently  the 
easiest  to  reach.  Such  points  are  ordinarily  located  where  major  roads 
intersect.  The  alignment  of  these  roads  is,  in  turn,  determined  either  by 
some  natural  funneling  (as  a  road  along  a  river)  or  by  some  condition  that 
prevailed  during  the  early  development  of  a  city. 

These  points  that  are  the  most  easily  reached  (most  accessible) 
provide  the  means  for  people  to  get  together  to  conduct  the  most  important 
function  of  a  city — the  exchange  of  goods  and  services.  The  center  is  thus 
the  optimum  place  for  people  to  communicate  with  each  other.  In  these 
core,  or  "downtown,"  areas  are  found  the  main  commercial,  banking, 
cultural,  entertainment,  and  government  activities. 

Because  of  the  concentration  of  these  activities,  the  limited  amount 
of  land  available  quickly  attained  very  high  values.  (Downturn  land  is  so 
expensive  that  it  is  commonly  sold  by  the  "front  foot" — the  frontage  on  the 
street — in  U.S.  cities).  The  cost  of  land  was  so  high  that  little  or  no 
unbuilt-upon  ("open")  space  could  be  conceded.  Each  building  had  to  occupy 
all  the  available  land  on  its  lot  to  justify  the  high  cost  of  the  land. 
Even  more  important,  builders  quickly  found  that  the  ground  surface  could 
be  multiplied  by  the  construction  of  multiple  story  buildings.  This 
reaction  is  carried  to  extremes  in  the  downtown  areas  of  today's  cities 
with  their  buildings  reaching  50  stories  and  more  above  ground  and  3  or  4 
stories  below  ground. 

Everywhere  else  in  cities,  land  values  are  lower  than  in  the  downtown 
area.  Accordingly,  buildings  are  shorter  and  often  do  no  use  all  the 
surface  of  the  lots  they  occupy.  A  city  generally  has  its  highest  land 
values  (and  accordingly  its  tallest  and  most  densely  spaced  buildings)  in 
the  core  area.  Land  values  are  progressively  lower  in  going  from  the  city 
core  to  the  edge  of  the  suburbs.  Building  height  and  density  fall  off 
accordingly  (with  some  exceptions  to  be  looked  at  later)  so  that  the 
profile  of  a  city  looks  something  like  a  pyramid  although  one  where  the 
slope  is  very  steep  at  the  center  but  shallow  farther  out. 

While  varying  land  values  account  for  most  of  a  city's  lional  pattern, 
some  other  conditions  are  also  at  work.  Some  city  activities,  such  as 
industry,  are  located  where  transportation  is  easiest,  as  along  railroad 
lines  or  at  dockside.  Many  modern  industrial  centers — those  that  depend 
mainly  on  truck  transportation — are  often  located  at  junctions  of  major 
highways  at  the  edge  of  the  city.  Some  other  types  of  urban  terrain  zones, 
such  as  administrative/cultural  land  uses,  owe  their  locations  to  govern- 
mental  decisions  and  not  to  the  market  value  of  the  land. 


Larger  ci-tiea  have  urban  terrain  aonee  that  are  both  larger  and  aM>re 
veil-defined  than  thoae  in  email  citiea.  Obvioualy,  the  core  areas  of 
larger  ci ‘ies  cover  more  area  and  uaually  will  have  taller  buildings  than 
counterpart  areas  of  leaser  citiea.  Apartment  house  aones,  industrial/ 
atorage  aones,  and  others  follow  the  aaam  pattern. 


Explanation  and  Bxaiq>le8 

The  classification  system  presented  in  Table  1  is  subdivided  into 
three  Levels:  I,  II,  and  III.  Level  I  sii^^ly  divides  1)  the  urban  terrain 
sones  whose  buildings  are  attached  from  those,  2)  where  the  buildings  are 
detached  (from  each  other).  The  detached  building  class,  in  turn,  is 
subdivided  i^'to  those  detached  buildings  that  are  quite  close  to  each  other 
(DC  classes,  detached,  close-set  as  opposed  to  those  that  are  set  apart 
from  one  another  (Do  classes,  detached,  open-set). 

The  Level  I  distinction  between  attached  and  detached  is  of  extreme 
importance  to  military  operations.  The  sones  of  a  city  with  attached 
buildings  are  thoae  that  are  either  in  or  near  the  c>re  of  the  city  where 
land  values  are  so  high  that  all  surface  space  is  covered  by  buildings.  In 
these  areas,  the  main  nonbuilt-upon  space  is  that  of  the  city  streets 
themselves.  Combat  in  these  areas  could  be  conducted  mainly  1)  in  the 
streets,  2)  within  the  buildings,  or  3)  between  opposing  forces,  one 
located  in  the  buldings,  the  other  in  the  streets.  Only  small  areas  of 
open  space  are  found  in  the  attached  building  sones  and  these  are  in  the 
form  of  small  parks,  parking  lots,  etc. 

In  the  sones  having  detached  buildings,  the  open  space  lying  among  the 
buildings  could  be  involved  in  a  combat  situation.  Possibilities  appear 
then  for  dismounted  infantry  and  even  vehicles  to  use  surface  space  other 
than  the  streets.  This  concept  is  indicated  .by  the  use  of  arrows  in  the 
models  of  each  urban  terrain  sone. 

With  the  detached  building  sones,  the^ic  is  also  the  opening  up  of  two 
more  sides  of  the  buildings;  in  the  attached  building  sones  there  is  only 
the  front  side  (the  side  facing  the  street)  and  sometimes,  but  not  always, 
the  rear  of  the  buildings  facing  en  open  court  or  an  alley.  Detached 
buildings  have  four  (or  more)  exposed  faces.  This  means  that  the  nunber  of 
possible  firing  positions  from  within  a  building  is  at  least  twice  that  of 
attached  buildings  and,  at  the  same  time,  increases  exposure  to  being  fired 
upon  from  all  sides. 

The  remaining  levels— II  and  III— give  more  details  Level  II  contains 
the  subdivisions  of  Level  I .  These  sones  are  found  in  cities  all  over  the 
world,  although  not  all  sones  are  found  in  all  cities.  Level  III  is  used 
to  cover  specialised  local  types  of  situations  that  can  occur,  for 
instance,  when  local  custom  or  culture  is  followed  in  city  construction  or 
when  an  area  favors  a  certain  local  type  of  building  material.  Two 
examples  of  Level  III  are  given. 
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I«ivel  II  is  the  part  of  the  classification  system  of  greatest  use  to 
ground  military  operations.  The  title  o‘:  the  classes  of  this  soue  consist 
of  a)  the  use  of  buildings  in  the  aone;  b)  the  tone's  location  within  the 
city;  c)  the  main  type  of  building  construction  fuund  there;  and  d)  the 
period  in  history  during  which  the  tone  developed.  Each  of  these  is 
important  in  the  development  of  a  MOUT  planner's  understanding  of  the  urban 
terrain.  Each  point  w*\l  be  taken  up  in  order  in  the  following  material. 

The  use  of  buildings  of  a  tone  is  given  first  because  it  is  the  most 
familiar  and  can  serve  as  a  ready  reference.  It  also  provides  some 
indication  of  what  the  interiors  of  the  buildings  are  probably  like. 
Knowing  these  things,  the  MOUT  planner  can  begin  to  forecast  some  of  the 
opportunities  and  some  of  the  problems  that  might  arise  from  either  the 
offensive  or  defensive  point  of  view.  Important  distinctions  are  also  seen 
in  building  interiors.  For  instance,  differences  in  room  sises  between 
offices,  industrial/storage  buildings,  and  houses  have  a  bearing  on  whether 
or  not  certain  weapons  might  be  fired  from  within  them. 

The  second  item,  the  location  within  the  city,  gives  a  quick 
indication  of  where  to  expect  such  features  regardless  of  the  city 
encountered.  Some,  suc't  as  the  core,  railroad  and  dock-related 
industrial/storage  aretts  have  easily  predictable  locations  when  examining 
an  unknown  cit>.  Others,  such  as  the  sone  where  apartsient  houses  are 
predominant,  appear  ct  varying  locations. 

Ttte  third  item  in  the  classification  system,  the  physical  character¬ 
istics  of  buildings  found  in  the  sone,  is  a  good  indication  of  what  can  be 
expected  in  such  important  items  as  concealment  and  cover  possibilitiet , 
and  weapons  deployment.  The  general  heights  of  the  buildings  are  iiidicated 
(iow-rise,  one  and  two  stories;  isedium-rise,  three  to  five  stories;  and 
high-rise,  above  il-’e  stor^'es).  For  these  classes  where  a  single  type  of 
building  construction  i.s  found  nearly  everywhere  throughout  the  rone,  that 
building  type  is  listed  (details  on  building  typer  are  given  in  Appendix 
A). 


The  fourth  item,  the  age  of  most  of  the  construction  of  the  sone,  is 
related  tc  ihu  building  type.  Some  sones  contain  only  old  building  types, 
in  others  only  new  structures  sre  found,  and  some  ("to  present")  have 
experienced  a  couatant  replacing  of  older  structures  with  new. 

Thus,  each  sone  ir  the  system  has  a  set  of  characteristics  that 
makes  it  different  from  all  other  sones  and  each  is  a  distinctive  urban 
environment  or  urban  terrian  sone.  Its  unique  combination  of  characteritics 
causes  it  tu  have,  in  turn,  a  special  set  of  opportunities  and  constraints 
relating  to  military  operations.  In  the  case  of  each  sone,  there  is  a 
certain  mix  of  building  types  (in  some  instances,  a  single  type  dominates), 
a  certain  density  of  buildings  (affecting,  for  example,  lines  of 
sight,  engagement  ranges,  and  weapon  arming  distances),  a  certain 
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pattern  of  street  width  and  configurations »  a  generalixad  land-use  pattern, 
and  a  ccaaon  history.  These  points  will  becone  evident  for  each  of  the 
sones  an  they  are  described  below. 


Zones  with  Attached  Buildings 

Buildings  in  this  group  of  aones  are  abutted  to  one  another  along 
the  street,  have  little  or  no  setback  froai  the  sidewalk,  and  occupy  all  or 
nearly  all  of  the  lot  on  which  they  sit.  Any  movenent,  aounted  or  dis- 
•ounted,  is  effectively  channeled  onto  the  streets  or  through  or  over  the 
buildings  themselves. 

The  Cosasreial  Core  (Class  Al).  The  tone  (see  Figure  1)  is 
the  heart  of  the  city,  the  downtown,  or  eenlral  business  district  or  its 
equivalent  in  another  language.  It  is  that  area  of  a  city  having  tha 
dansest  concentration  of  multistory  buildings.  A  variety  of  construction 
types  is  found.  A  common  situation  is  to  have  brick  buildings  in  the 
oldest  part  of  the  none,  framtd,  heavy-clad  structures  in  the  next  to 
oldest  part,  and  a  concentration  of  framed,  light-clad  buildings  in  the 
newest  part.  In  (Serman  cities,  and  others  with  repaired  war  damage  (London 
is  a  good  example),  framed  light-clad  buildings  have  been  built  on  the  sites 
of  destroyed  brick  buildings. 

The  lone  is  of  great  value  to  any  city.  It  is  the  headquar¬ 
ters  for  commercial/financial  activity  and  usually  has  important  cultural 
and  governmental  buildings.  Its  defense  is  important  simply  because  its 
loss  would  be  catastrophic  to  the  economy  and  to  governance.  These  lones 
can  be  thought  of  as  the  civilian  counterparts  of  a  military  headquarters. 

Urban  terrain  in  this  sone  provides  many  opportunities  for 
defending  forces.  At  many  places  within  such  a  diverse  stock  of  buildings 
there  can  be  found  areas  providing  a  high  degree  of  cover,  possibilities 
for  weapon  deploysmnt,  and  the  conducting  of  combat  support  services.  Also 
of  importance,  this  sone  has  the  greatest  quantity  of  subterranean  features 
of  all  the  cones.  Also,  significant  underground  features  exist  in  the  form 
of  basements,  underground  parking,  and  sometimes  underground  shopping 
areas,  and  transportation  facilities. 

Apartment/Hotel  Core,  Four  Plus  Stories  (Cixx*  A2).  This 
tone  (Figure  2)  consists  of  medium  to  tall  apartment  buildings  and  is 
."'^rmally  situated  just  beyond  a  city's  commercial  core  sone.  Land  value  is 
still  high  so  buildings  must  use  all  their  lot  space  (that  is,  he  attached 
to  one  another).  Further,  surface  space  is  multiplied  by  its  buildings 
that  are  four  and  more  stories  tall.  Block  after  block  in  this  sone  is 
covered  with  buildings  with  little  or  no  open  space  in  between. 
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B«cause  theta  conet  have  occupied  the  aame  area  for  a  long 
time,  all  three  of  the  batic  conatruction  typea-~-maat,  heavy-clad,  and 
light-clad  framed  buildingt— are  preaent. 

Becaute  nearly  all  the  buildingt  in  thit  cone  are  apart- 
menta,  urban  terrain  it  nearly  uniform  throughout.  Thit  createt  a  condition 
where  no  building  hat  tpecial  advantage  over  any  other  in  concealment, 
veapont  deployment,  or  other  military  conaiderationa.  The  previout  cone, 
by  contratt,  hat  a  wide  variety  of  environmenta  within  and  thua  far  more 
military  utage  poaaibilitiet. 

Apartment/Row  Houaet,  Four  Storiet  and  Lower  (data  A3). 
This  data  (Figure  3)  hat  buildingt  that  are  aomewhat  lover  in  height  then 
the  previoua  cleat  but  they  are  atill  attached  to  each  other;  pedeatriana 
and  vehicles  are  atill  reatricted  to  the  atreet. 

These  cones  are  large  in  area,  frequently  covering  tens  of 
blocks.  They  are  characterised  by  the  monotonous  rows  of  apartments  and 
row  houses  facing  virtually  every  atreet  in  the  cone.  Only  a  few  open 
spaces  exist,  such  as  parks,  and  school  grounds.  Buildings  commonly  have 
continuous  backyards  along  which  diamounted  infantry  troops  could  paaa. 
These  open  spaces,  however,  are  often  sealed  off  from  the  street  and  are 
thus  not  accessible  by  vehicles.  An  exception  is  the  hof  or  courtyard  type 
of  apartment  seen  in  Europe  that  has  *''tunnel"  connections  through  the 
buildings  from  the  atreet  to  the  courtyard. 

Induatrial/Storage.  Ordered  Blocks  (Clast  A4).  This  ia  the 
first  of  three  very  different  i^pea  of  induatriaiystorage  cones  (see  Zones 
Dc4  and  Do4).  In  this  cone  Figure  4,  the  buildings  are  attached  to  each 
other  and  cover  most  of  the  lots  on  which  they  ait.  Land  values  in  this 
cone,  being  adjacent  to  the  downtown,  are  too  high  to  allow  buildings  to  be 
detached. 


Buildings  in  this  cone  are  strong,  thanks  to  the  need  for 
heavy  construction  to  support  industrial  and  storage  activities. 
Construction  is  usually  either  mass  (mostly  brick)  or  framed  heavy-clad. 
Floors  are  also  stout.  Cover  ranges  from  medium  to  high.  In  addition,  the 
usually  large,  unpartitioned  interior  spaces  offer  no  restriction  to 
deploying  "back  blast"  weapons.  The  large  industrial  type  space  within 
structures  could  also  serve  as  vehicle  storage  and  repair. 

Because  buildings  occupy  nost  or  all  of  a  block's  surface, 
line  of  sight  is  short  being  limited  to  across  and  along  streets.  Also, 
the  often  uniform  height  (about  five  stories)  of  these  attached  buildings 
causes  masking  of  the  street  from  incoming  artillery  and  from 
air-to-surface  attack. 

Commercial  Ribbon  Development.  Some  Arterials  (Class  A5). 
The  practice  of  erecting  attached  buildings  to  get  the  most  out  of  high- 
value  land  continues  along  streets  extending  outward  from  the  city  center. 
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terrain  zone  A3  (attached  houaea) 


These  form  commercial  ribbons  (Figure  5)  that  in  a  peacetime  situation  are 
sites  for  selling  consumer  goods  and  services. 

These  zones  form  an  interesting  situation  for  military 
consideration  because  this  attached  character  extends  only  one  building 
deep.  Behind  the  arterial  faced  by  attached  structures  are  areas  of 
detached  buildings.  Movement  of  dismounted  troops  and  vehicles  along  these 
commercial  ribbons  would  be  restricted  to  the  street  while  in  the  detached 
building  area  behind,  this  restriction  does  not  exist. 

This  situation  exists  in  cities  everywhere.  While  it  is 
common  in  the  U.S.,  it  can  be  a  dominant  feature  in  some  foreign  cities, 
especially  those  that  have  grown  rapidly  in  recent  years.  Tel  Aviv,  Israel, 
and  Bangkok,  Thailand  are  good  examples. 

Old  Core  Vestigial  (Class  A9).  This  is  a  zone  (Figure  6) 
that,  although  not  found  in  all  cities,  could  have  special  significance  to 
military  operations  where  it  does  occur.  Such  zones  are  preserved  as  "old 
cities."  A  famous  example  is  the  Old  City  of  Jerusalem.  They  are  also 
common  in  many  European  cities.  All  are  valued  as  cultural  heritages  and 
all  have  a  high  commercial  value  for  their  attraction  as  tourist  sights. 

They  all  share  the  common  characteristics  of  having  been 
built  for  pedestrians  and  not  vehicles  and  thus  have  very  narrow,  twisting 
streets.  In  addition,  buildings  are  low-rise,  multistory  structures 
occupying  virtually  all  surface  space.  About  the  only  open  spaces  (and 
these  are  small)  are  around  public  buildings,  a  church,  for  example. 

As  expected,  lines  of  sight  are  extremely  short  in  all 
directions.  Ranges  of  engagement  would  also  be  short;  minimum  arming 
distances  on  certain  munitions  would  be  a  problem.  At  the  same  time,  the 
large  number  of  mass  buildings  (both  stone  and.  brick)  would  provide  a  high 
degree  of  cover.  Concealment  would  also  be  high. 


Zones  with  Detached  Buildings  (Close-Set) 

In  the  following  subclasses,  the  letter  c  indicates  that 
buildings,  while  detached  from  each  other,  are  set  fairly  close  to  each 
other  (from  a  few  meters  to  tens  of  meters). 

Core  Area,  Light-Clad  (Class  Del).  This  zone  (Figure  7), 
has  become  very  familiar  in  core  areas  of  modern  cities.  The  showy  sky¬ 
scrapers  are  of  glass-cladded  (and  other  lightweight)  material.  Such  zones 
are  common  not  only  in  the  U.S.  but  in  Europe,  Asia,  Latin  America,  and 
elsewhere.  One  of  the  world's  best  examples  is  Hong  Kong. 

Unlike  the  core  area  already  described  (Class  Al),  the 
buildings  in  this  zone  are  usually  set  some  tens-of-meters  apart  from  each 
other;  the  high  value  of  the  land  is  offset  by  the  great  height  of  the 
buildings.  The  open  space  in  between  buildings  is  usually  in  the  form  of 
small,  landscaped  courts  and  parks. 
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Figure  6.  Urban  terrain  zone  A9  (old  core,  vestigial). 
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Figure  7.  Urban  terrain  cone  Del  (redeveloped  core  area)* 
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Most  of  the  buildings  in  the  cone  are  offices.  Common  are 
headquarters  for  important  national-level  corporations  and  banks.  Key 
government  offices  are  also  often  present.  Following  the  modern  style  of 
office  construction,  "open  bay"  interiors  are  common.  Little  cover  is 
available  but  "back-blast"  weapons  could  be  safely  fired.  Another 
advantage  of  these  buildings  is  the  presence  of  basements  and  underground 
parking  facilities. 

Apartments /Row  Houses.  Greater  Than  751  Frontage  (Class 
Dc2).  This  zone  (Figure  8)  has  buildings  like  those  of  ClTass  K3  except 
that  instead  of  being  attached  they  are  separated  from  each  other  by  a 
short  distance.  Accordingly,  not  all  pedestrian  and  vehicle  movement  needs 
to  be  confined  to  the  street.  Openings  between  buildings,  however,  are 
narrow,  often  not  much  more  than  4  meters. 

Houses.  Greater  than  75X  Frontage  (Class  Dc3).  Structures 
in  this  zone  (Figure  9)  are  usually  single-family  houses.  The  aggregate 
area  of  the  zones  is  usually  large,  depending  on  the  popularity  of  the 
building  of  detached  housing  in  the  country  where  found.  Many  housing 
tracts  in  U.S.  cities  would  fall  in  this  class. 

The  buildings  are  small  and  contruction  is  usually  relative¬ 
ly  lightweight.  Cover  is,  accordingly,  also  fairly  limited.  Rooms  are 
small  and  the  possibility  of  firing  heavy  weapons  from  the  buildings  is 
limited. 


Industrial/Storage.  Truck.  Pock-Related  (Class  Dc4).  This 
zone  (Figure  10)  is  quite  unlike  the  previous  industrial/storage  zone 
described.  Instead  of  having  structures  fully  occupying  the  blocks  on 
which  they  sit,  buildings  in  this  zone  are  long  and  narrow  in  shape  to 
accommodate  the  type  of  transportation  involved.  Buildings  associated  with 
railroad  tracks  and  sidings  are  often  separated  by  just  the  width  of  a 
railroad  track.  That  space  is  easily  oiasked  by  the  structures,  even  from 
oblique  aerial  observation. 

Most  of  the  existing  open  space  is  found  near  the  ends  of 
buildings  where  industrial  raw  materials  and  finished  products  are  stored. 
Only  here  are  lines  of  sight  reasonably  long. 

"Outer  City"  (Class  Dc5).  The  term  "outer  city"  refers  to 
zones  (Figure  lT5  that  have  all  the  physical  characteristics  of  zone  Del. 
That  is,  the  buildings  are  multiple  story,  framed  light-clad  structures 
that  are  detached  from  each  other.  Outer  city  zones  have  been  built,  in 
recent  years,  in  locations  away  from  the  city  core  as  centers  for  offices 
and  other  businesses.  Examples  are  seen  at  the  edge  of  large  cities  in 
many  countries. 


Unlike  the  Del  zones,  these  outer  city  areas  stand  out 
sharply  from  surrounding  suburban  zones  (with  their  low  buildings)  thus 
giving  them  "urban  high  ground"  characteristics.  Observation  is  good 
outward  for  long  distances.  Fields  of  fire  and  lines  of  sight  are  usually 
long.  The  zone's  exposed  position,  however,  also  means  that  it  is 
potentially  highly  vulnerable  to  artillery  and  air  attack. 
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Figure  8.  Urban  terrain  sone  Dc2  (apartnenta,  cloae-set). 
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Figure  9.  Urban  terrain 


Dc3  (detached,  close-set  houses) 
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Figure  10.  Urban  terrain  aone  Dc4  (rail/dock-related ,  it 
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Figure  11.  Urban  terrain  aone  Dc5  (cuter  city). 
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Engulfed  Agricultural  Villages  (Clast  Dc7).  Rapidly 
expanding  citieaj In countries almost  everywhere, have engulfed  nearby 
agricultural  villages  (Figure  12)  and  other  small  towns,  bringing  them  into 
the  greater,  or  extended  metropolitan  area.  The  villages  have  houses  and 
barns  (which  have  often  been  converted  into  housing  or  comaiercial  build¬ 
ings).  Streets  are  usually  narrow  and  twisting  and  contrast  with  the 
broader  streets  and  the  planned,  ordered  look  cf  the  suburban  development 
surrounding  them. 

The  sones  are  of  interest  to  MOUT  planners  because  they  form 
localised  areas  of  high  building  concentrations — with  short  lines  of  sight 
and  ranges  of  engagement — within  areas  of  low  building  density.  These 
nucleated  village  areas  could  form  defensive  strongpoints  within  broad 
areas  of  generally  simple  urban  terrain. 

Shanty  Towns  (Class  Dc8).  Areas  of  lean-to  structures 
(Figure  13)  have  '^een  built  on  unoccupied,  low-value  land  in  and  around 
many  cities  in  underdeveloped  countries  to  serve  as  housing  for  people 
moving  to  the  city  from  the  country.  The  structures  are  made  of  any  scrap 
material  available:  lumber,  brick,  sheet  metal,  cloth,  palm  fronds,  etc. 
Cover  available  is  thus  very  low.  Concealomnt  is  usually  quite  good  though 
because  of  the  high  density  of  the  structures.  Another  problem  is  orienta¬ 
tion  and  navigation  within  the  sone  as  a  result  of  the  irregularity  of 
building  placements  and  the  connecting  path  (proper  streets  are  uncommon). 


Zones  with  Detached  Building  (Open-Set) 

In  the  following  subclasses,  the  letter  code  o  indicates  that 
buildings  are  detached  but  have  more  separation  from  each  other  than  in  the 
previous  group  of  close-set  structures.  Separations  are  often  200  to  300 
meters. 


Shopping  Centers  (Class  Pol).  Buildings  in  this  sone 
Figure  14)  are  used  mostly  for  commercial  purposes  end  are  set  in  clusters 
designed  to  favor  automobile  transportation  (easy  access  from  street  and 
highways  and  with  large,  open  parking  areas).  Buildings  are  designed  to 
have  large  areas  of  unrestricted,  unpartitioned  interiors. 

Cover  is  fair  to  good  because  auiny  buildings  are  of  mass 
conn tru'..t ion  and  thus  have  strong  walls.  Stout,  concrete-framed  parking 
garages  are  also  often  present.  Because  of  the  large  parking  lots,  lines 
of  sight  and  ranges  of  engagement  are  long  (in  going  outward  from  the 
cluster  of  buildings). 

Apartynts/Row  Houses,  Less  than  75>  Frontage  (Class  Do2). 
This  sone  (Figure  IS)  differs  from  the  similar  class  in  the  previous  sec- 
tion  (Class  Dc2)  in  that  buildings  are  farther  apart  and  are  often  set  in  a 
uniform  pattern  within  a  planned  project;  when  viewed  from  the  street,  the 
open  spaces  between  structures  are  wide  enough  to  form  more  than  a  quarter 
of  the  frontage  of  buildings  along  a  block  (or  its  equivalent).  These 
openings  thus  range  from  S  to  '^5  meters  or  more.  The  general  impression 
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Figure  13.  Urban  terrain  aone  Dc8  (shanty  town) 
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is  one  of  openness.  Movement  in  and  around  these  buildings  can  therefore 
be  in  all  directions.  The  only  barriers  to  surface  movement  are  light  in 
weight,  such  as  hedges  and  fences. 


The  amount  of  cover  can  vary  in  accordance  with  the  type  of 
construction.  Some  of  these  areas  favor  light-clad  framed  structu.  es  while 
others  have  brick  or  box-wall  principle  buildings. 


Houses.  Lees  Than  75%  Frontage  (Class  Do3).  This  zone 
(Figure  16)  is  a  very  common  one  covering  typical  suburban  subdivisions. 


Houses  are  set  back  from  the  street  and  separated  by  5  meters  or  more  from 
their  neighbors  on  each  side.  These  gaps  are  wide  enough  to  allow  vehicles 


to  go  between  houses  and  operate  in  backyards. 


Cover  is  slight  with  such  small  buildings.  Maximum  wall 
thicknesses  are  about  30  cm  for  brick  or  block  and  brick  buildings.  Wood 
framed  structures,  where  seen,  provide  less  cover. 


Industrial/Storage.  Truck-related  (Class  Do4).  This 
industrial/storage  class  (Figure  17)  is  different  from  the  previous  two  in 
having  widely  separated  buildings.  The  sparse  pattern  of  buildings  in  this 


zone,  designed  to  provide  sufficient  space  for  service  by  trucks,  has  wide 
streets  within  the  zone  and  extensive  parking  lots.  In  addition,  open 
space  around  the  buildings  serves  as  outdoor  storage  for  goods  and  raw 


materials. 


Lines  of  sight  within  the  zone  are  fairly  long.  Heavily 
constructed  buildings,  often  concrete  or  heavy  masonry,  provide  cover. 
Also  the  buildings  are  normally  designed  to  permit  vehicle  entry;  floors 
are  usually  strong  enough  to  support  heavy  vehicles. 


As  with  all  buildings,  roofs  offer  little  resistance  to 
incoming  munitions.  Coupled  with  the  low  degrees  of  masking,  the  zone  would 
be  particularly  vulnerable  to  air  attack. 

Commercial  ribbon  (Class  Do5).  This  zone  (Figure  18) 
consists  of  large,  one  or  two  story  buildings  or  groups  of  buildings 
fronting  a  major  arterial  street.  Ihey  have  open  spaces  in  between  and 
large  parking  lots.  Mass  construction  is  common  and  thus  cover 
possibilities  are  good. 


Lines  of  sight  from  the  buildings  to  the.*  street  are  long, 
thanks  to  a  deep  setback  and  location  along  wide  streets.  These  arterial 
streets  are  important  to  the  traffic  flow  within  a  city.  As  such,  they 
often  lead  to  or  from  key  features,  such  as  bridges  or  major  intersections. 


Administrative/Cultural  (Class  DoS).  These  zones  (Figure 
19)  are  made  up  of  clusters  of  buildings  that  were  constructed  according  to 
a  master  plan  that  specified  a  considerable  separation  from  one  building  to 
another.  This  type  of  plan  is  used  both  to  allow  buildings  to  be  viewed 
from  all  sides  (as  in  a  cluster  of  class-styled  government  buildings)  or 
for  efficiency  (as  ou  a  college  campus  or  a  military  reservation). 
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Figure  19.  Urban  terrain  zone  Dob  (sdiBiniatraCive/cultural). 
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Buildings  sre  often  stoutly  mede  thus  offering  a  fair  degree 
of  cover.  Lines  of  sight  and  fields  of  engageisent  with  the  tone  are  long. 

Although  morphology  is  emphasised  in  the  classification  sys¬ 
tem,  the  functional  aspects  have  order.  In  Table  2,  the  three  subdivisions 
of  Class  1  are  all  commercial:  the  city  core  has  two  separate  areas, 
attached  and  detached  (close-set)  while  shopping  centers  are  detached 
(open-set).  Class  2  provided  for  different  morphological  patterns  of  apart¬ 
ments.  Class  3  comprises  small  apartment  houses  and  freestanding  houses. 
Class  4  has  three  morphological  variations  on  the  industrial/storage  type. 
Class  5  refers  to  commercial  areas  located  beyond  the  core.  Class  6  is 
exclusively  administrative-cultural  (found  throughout  the  city).  Class  7 
provides  for  urban-related  agricultural  villages.  Class  8  covers  shanty 
towns.  Class  9  makes  allowance  for  the  historic  of  old  central  core 
areas. 


The  Study  Cities 

The  area  examined  for  each  city  was  the  continuously  built-up 
area.  Some  of  these  areas  involved  more  than  a  single  corporate  entity 
(this  fact  is  recorded  by  the  use  of  dual  names  for  some  of  the  cities:  Tel 
Aviv-Yafo;  Athens-Piraeus ;  and  Panama  City-Balboa).  The  process  of  inter¬ 
preting  the  terrain  zones  was  started  in  the  center  of  the  city  and 
proceeded  outward  until  a  break  with  the  rural  territory  surrounding  was 
reached.  Outliers  were  excluded  when  they  were  observed  to  be  more  than  a 
kilometer  away  from  the  main  contiguously  built-up  area.  In  a  few 
instances,  the  lack  of  either  map  or  photo  image  coverage  of  distant 
outlying  areas  caused  them  to  be  excluded.  In  a  few  other  instances,  where 
advancing  suburbanization  from  another  urban  center  was  encountered,  an 
artibrary  halting  line  was  selected.  Another  problem  was  faced  in 
selecting  the  :ount  of  nonbuil t-upon  space  to  be  included.  The  general 
rule  was  followed  that  if  the  open  (often  agricultural  land)  lying  among 
urbanized  units  was  connected  with  the  surrounding  countryside  it  was 
assigned  no  urban  class  and  was  marked  with  an  X  on  the  maps. 

The  potential  problem  that  derives  simply  from  size  and 
significance  of  urban  areas — and  especially  from  country  to  country— was 
mitigated  by  selecting  cities  that  are  reasonably  close  to  the  same  size  in 
population.  Many  are  capital  cities,  but  this  is  only  incidential 
considering  that  in  the  developing  countries  included  in  the  study,  these 
cities  are  the  '"ily  <:  of  any  significance.  Areas  ranged  from  30  square 

kilometert'  /.JO  s.  -.  ..  kilometers  (see  Figure  20).  The  assumption  was 
made  uhat  dealing  with  the  corporate  city  alone  was  of  little  value. 
(Owing  to  the  vagaries  of  the  political  world,  commonly  the  principal 
corporate  city  of  a  metropolitan  area  comprises  only  a  part  and  only 
occasionally  does  a  cor<>orate  city  exceed  the  built-up  area). 


AS 


Table  2 


Urban  Terrain  Zones 
Function/Korphology  Relationship 


Primary  Function 

Basic 

Dc 

Do 

Class 

Dominant 

A 

(Detached 

(Detached 

Number 

Function 

(Attached) 

Close-Set) 

Open-Set) 

1 

Commercial 
and  offices 

Commercial  core 

Commercial  core 

Shopping  centers 

2 

Residential 

Apartments  near 

Apartments  and 

Apartments 

core 

row  houses 

3 

Residential 

Low-rise 

Rouses, 

Houses, 

apartments 

close-set 

open-set 

4 

Industrial/ 

Flush  to  street 

Railroad  and 

Truck 

storage 

dock-related 

related 

5 

Commercial 

Old  commerrial 

Outer  city 

New  commercial 

ribbon 

cluster 

ribbon 

6 

Administra- 
tive/ cultural 

— 

— 

Open,  planned 

7 

Residential 
and  barns 

— 

Old  villages 

— 

8 

Temporary 

"Shanty  towns" 

9 

residential 

Commercial 

Old  commercial 

Coaunercial 

and 

residential 
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Figure  20.  Cities :  Area  (aq  kn). 


llie  saltction  of  cicies  was  based  primarily  on  the  desire  Co  have 
a  broad  representation  of  urban  terrain  from  various  regions  of  the  world. 
Accordingly,  exasiples  were  drawn  from  Western  Europe,  the  Mediterranean, 
Asia,  and  Latin  AMrica.  Four  are  from  the  first  group,  four  from  the 
second,  two  from  the  third,  and  three  from  Che  fourth. 

Field  Observations  and  Measurements.  Each  study  city 
(except  Beirut)  was  visited  to  gain  a  more  complete  knowledge  of  its 
composition  and  characteristics  and  to  augment  the  photo  interpretation. 
The  approach  was  systematic  and  uniform  for  all  places  visited. 

In  each  city  visited,  traverses  were  made,  on  foot,  of  each 
type  of  urban  terrain  tone  encountered.  lu  the  more  intensive  xones,  such 
as  Che  Al  core  areas,  a  crisscross  pattern  of  alternate  streets  was  fol¬ 
lowed.  In  the  large  area  xones,  such  as  those  of  detached  houses,  selected 
streets  were  studied.  Prior  to  entering  the  field,  the  remotely  sensed 
imagery  was  consulted  to  identify  these  large  areas.  Estimated  centroids 
of  what  were  later — upon  completion  of  the  full  image  interpretation 
process—to  be  delimited  as  urban  terrain  xones  were  identified  and  marked 
on  maps.  Streets  at  these  points  were  Chen  visited. 

In  each  sone,  ground  photographs  were  taken  of  representa¬ 
tive  situations  and  representative  buildings.  In  addition,  significant 
features  were  noted.  Both  were  referred  to  in  the  air  photo  interpretation 
process.  Full  interpretation  was  always  undertaken  subsequent  to  the  field 
visits  in  order  to  make  maximal  use  of  the  field  observations. 

Six  of  the  cities  were  visited  during  Che  susner  of  1983  and 
five  different  cities  were  visited  during  the  summer  of  198A.  Some  cities 
were  observed  on  more  than  one  occasion.  Helsinki  had  been  studied  on  the 
ground  for  the  1977  study  and  visited  again  in  1983.  Athens  was  visited 
both  in  1983  and  1984.  San  Jose,  Costa  Rica  was  studied  on  several 
occasions  during  the  late  1970s  and  early  1980s.  Colombo  was  revisited 
after  a  period  of  sosw  25  years.  Vienna  had  also  been  observed  some  15 
years  before.  Braunschweig*  visited  in  1982  in  conjunction  with  an  inten¬ 
sive  study  and  swdel  building  of  an  adjacent  area  by  TRASANA,  was  revisited 
and  studied  intensively  in  1983. 

In  addition  to  observation,  photographing  and  field  nota¬ 
tion,  a  series  of  sample  field  measurements  was  made  of  characteristics  of 
buildings.  Measured,  in  particular,  were  building  construction  types, 
building  heights,  and  exterior  wall  surface  textures.  Detailed  information 
was  gathered  for  the  Al  (core)  areas  of  all  cities  (with  the  exception  of 
Beirut)  and  generally  for  all  terrain  xones.  Field  observation  was  employed 
because  of  the  great  variety  of  structures  and  other  characteristics  found 
and  to  gain  information  where  masking  by  tall  buildings  precluded  identifi¬ 
cations  from  aerial  photogra]rtiy. 

The  method  used  for  all  Al  areas  consisted  of  selecting 
sample  streets  from  within  the  xones  to  be  studied.  These  streets,  deemed 
from  field  observation  to  be  representative,  included  both  principal 
thoroughfares  and  lesser  streets.  Notation  was  made  first  of  buildings  on 
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one  side  of  the  street  for  severe!  blocks  (the  observation  being  made  from 
the  opposite  side  of  the  street)  and  then  of  the  other  side  of  the  street 
by  reversing  the  direction  of  the  traverse.  Bach  building's  height  was 
recorded  under  headings  of  building  types.  A  separate  inventory  examined 
surface  textures  and  building  material.  To  keep  the  concept  of  a  building 
uniform  and  to  offset  the  vagaries  of  sise,  some  typical  buildings  were 
first  measured  (by  pacing  the  frontages)  and  these  were  used  as  standards. 
Thus,  two  or  three  small  buildings,  in  some  instances,  were  only  the 
equivalent  of  one  of  the  control  buildings.  Without  such  a  procedure, 
large  buildings  would  have  been  underrepresented. 

In  addition  to  the  buildings,  nonsystematic  observations 
were  made  on  such  features  as  street  widths,  presence  of  underground 
features,  and  the  character  of  rooftops. 


BACKGROUND  ON  WORLD  URBAN  MORPHOLOGY 

Prior  to  discussion  of  findings,  general  reasons  explaining  differ¬ 
ences  and  similarities  among  cities  should  be  reviewed.  This  is  especially 
important  when  comparing  international  cities  that  are  within  countries  of 
varying  levels  of  economic  development  and  possessing  varying  forms  of 
government.  The  following  relates  and  discusses  universal  factors  that 
affect  the  morphology  of  cities.  They  are 

•  History  of  growth,  expansion 

•  Current  level  of  economic  t'evelopment 

•  Cultural/political  factors 

V. 

•  Municipal  statutes  and  ordinances 

•  Physical  site 


History  of  Growth,  Expansion 

The  amount  of  growth  and  expansion  that  has  occurred  in  a  city  and  the 
period  of  time  in  which  it  has  occurred  .tre  important  to  know  in  under¬ 
standing  and  interpreting  the  measurements  of  area  within  each  urban  ter¬ 
rain  Eone.  Cities  that  have  had  most  of  their  a  real  expansion  in  recent 
years  will  have  considerably  higher  proportions  of  their  total  area  in 
modern  (usually  more  open)  types  of  areas  and  with  more  tM>dem  types  of 
construction  than  will  cities  that  were  areally  large  before  the  modern 
period  of  expansion  and  whose  newer  extension  form  a  somewhat  smaller 
proportion  of  their  total  areas. 

The  reasons  for  relative  differences  in  areal  expansion  vary.  Some  is 
the  result  of  such  politically  motivated  occurrences  as  being  the  principal 
urban  center  for  a  new  country,  one  which  did  not  gain  political  independ¬ 
ence  until  the  post-World  War  II  period.  At  the  opposite  end  of  the 


spectrum  are  the  older  cities  of  countries — especially  those  in  Europe — 
whose  political  status  has  been  stable  for  some  time.  Specific  cases 
representing  both  types  as  well  as  intermediates  in  this  study  are 

•  Tel  Aviv  is  a  city  whose  real  expansion  has  taken  place  almost 
entirely  since  independence  of  Israel  in  1948  and  continues  to  grow  in 
space  today.  The  area  built  in  the  last  35  years  dwarfs  old  Yafo  (an  urban 
place  oi  antiquity)  and  the  area  of  Jewish  settlements  built  adjacent  to  it 
in  the  period  between  the  end  of  World  War  I  and  Independence.  The  city 
has,  in  fact  grown  so  fast  that  there  is  no  traditional  core  area;  a  common 
string  street  has  been  forced  to  serve  this  function. 

•  Caracas  is  another  city  exhibiting  very  rapid  peripheral  growth 
in  recent  years.  Mot  until  1938  were  restrictions  to  the  expansion  of  the 
city  lifted.  It  then  grew  so  rapidly  that  the  basic  infrastructure  of 
streets,  utilities,  and  other  amenities  could  not  be  provided  everywhere 
and  immigrants  seeking  housing  of  any  type  "squatted"  in  large  arena  of 
poorly  built  structures  on  the  surrounding  steep  hillsides. 

•  The  German  cities  of  Braunschweig  and  Stuttgart,  as  is  true  of 
most  war-damaged  cities  in  that  country,  elected  to  remodel  the  core  area 
as  they  rebuilt  them  but  in  addition,  have  allowed  controlled  growth  at  the 
periphery. 


Current  Level  of  Economic  Development 

While  most  cities  in  countries  around  the  world  have  exhibited  a  tre¬ 
mendous  growth  and  expansion  within  the  last  30  years  and  especially  in  the 
last  20,  the  impetus  to  grow  is  largely  a  function  of  tl'e  level  of  economic 
activity  in  the  countries  in  which  they  are  a  part.  A.;:Cordingly,  in  these 
study  cities  there  are  examples  of  continuous  ard  f'apid  expansion  and 
examples  of  lesser  levels  of  activity.  Some  of  these  areas  are 

•  Caracas,  as  the  center  of  mineral-rich  Venesuela,  furnishes  the 
demand  for  offices  to  serve  as  financial  centers  for  the  country.  Housing 
and  services  have  followed. 

•  Kuala  Lumpur,  as  the  center  for  resource  and  agriculturally 
rich  Malaysia,  has  also  become  the  center  for  the  country's  finances. 
Moreover,  it  has  sought  to  fill  the  vacuum  created  when  Singapore,  the  de 
facto  financial  center  of  the  whole  Malay  Peninsula,  became  the  center  for 
its  own  city-state  country  when  it  was  created  in  1965. 

•  Colombo,  on  the  other  hand,  is  the  center  for  a  country  (Sri 
Lanka)  that  has  not  shared  much  of  the  recent  general  economic  development 
of  the  rest  of  the  world.  As  a  result,  Colona>o  is  little  changed  from 
pre-Independence  days. 


Cultural/Political  Factors 

As  might  be  expected,  cities  reflect  the  culture  of  the  people  of  the 
country  to  which  they  belong  to  a  considerable  degree.  Longstanding 
practices  in  architectural  style  are  found  to  have  physical  manifestations 
in  urban  communities  of  all  sixes  within  countries.  Sometimes  these  cause 
significant  differences  in  the  urban  pattern  presented.  In  others,  the 
result  is  little  more  than  cosmetic.  Some  examples  follow: 

•  In  German  cities  the  curious  practice  of  placing  pitched  roofs 
on  modern  reinforced  concrete  framed  buildings  has  been  retained  in 
imnediate  postwar  and  current  development.  Reflected  in  this  practice  is 
the  concern  for  maintaining  the  traditional  culture,  one  that  dates  back  to 
the  Middle  Ages  and  before  when  cities,  figuratively  speaking,  grew  out  of 
the  forests.  The  practice  of  favoring  pitched  roofs  is  violated  in  high- 
rise  structures  but  is  widely  seen  in  low-rise  buildings  in  all  core 
areas. 


•  In  Mediterranean  areas  (those  on  the  continent  of  Europe,  in 
the  Middle  Ease  and  in  North  Africa),  cultural  tradition  calls  for  the  use 
of  urban  form,  that  is,  the  filling  of  building  lots  so  that  there  is  no 
space  laterally  between  building  and  little  or  no  open  space  to  the  front 
or  back.  While  this  practice  is  one  followed  out  of  necessity  in  core 
arees  of  cities  everywhere  because  of  expensive  land,  in  Mediterranean  and 
Mediterranean-influenced  parts  of  the  world  it  extends,  for  cultural 
reasons,  to  residential  as  well.  As  a  result,  houses  are  crowded  together 
even  in  new  suburbs  at  the  edge  of  the  city.  The  phenomenon  is  seen  in 
Athens,  Beirut,  Tel  Aviv,  and  Tunis  in  the  Old  World  and  in  its  colonial 
form  in  Latin  America  as  well. 


Municipal  Statutes  and  Ordinances 

Not  only  are  there  some  broad  differences  among  countries  but  the 
layer  of  municipal  governments  can  cause  some  variations  from  the  norm  as 
well.  The  study  cities  demonstrate  some  of  these. 

•  Panama  City,  during  the  long  period  the  U.S.  leased  the  Canal 
Zone,  was  not  allowed,  as  an  entity,  to  encroach^  upon  the  adjacent  Canal 
Zone.  As  a  result,  an  extremely  strong  contrast  in  form  is  seen  along  the 
two  sides  of  the  former  boundary.  Urban  areas  in  the  Zone  (in  Balboa)  are 
orderly  and  planned  with  wide  spacing  between  structures.  By  contrast,  the 
older  parts  of  Panama  City  directly  adjacent  are  densely  set.  In  addition 
to  the  city  being  proscribed  from  crossing  the  boundary,  these^  structures, 
being  in  the  oldest  part  of  the  city,  reflect  typical  Latin, 
Mediterranean— derived  "urban  form"  modes  of  building  placement  on  their 
lots.  Newer  parts  of  Panama  City,  themselves  rt.present  modern  urban 
planning  practice  and  thus  manifest  a  pattern  little  different  from  forms 
seen  in  the  Canal  Zone. 

•  Many  German  cities  provide  for  their  citisens  public  land  to 
maintain  gardens  and  construct  small  weekend  huts.  These  Gardenplatxen 
occupy  large  enough  areas  of  land  to  require  a  separate  Level  III  urban 

terrain  xone  class. 


•  The  sharpness  of  the  edge  of  the  city  is  also  a  function  of 
laws  and  ordinances.  German  cities,  in  particular,  tightly  control  urban 
expansion.  The  surface  manifestation  is  the  presence  of  sharp  boundaries 
between  city  and  rural  land.  By  contrast,  little  or  no  control  is 
exhibited  in  Caracas  and  Tunis  where  sprawl  extends  out  into  the  mountains 
in  the  first  instance  and  the  desert  in  the  latter. 


Physical  Site 

Physical  site  is  placed  last  among  this  brief  list  of  causes  for 
differences  because  its  effects  are  readily  obvious.  The  concern  in  this 
study  centers  largely  on  whether  the  site  is  restrictive  to  urban  expansion 
or  permits  it.  For  example, 

•  Tel  Aviv's  growth  has  been  continually  to  the  north  and  to  the 
east  from  its  original  development  core  near  Yafo.  Expansion  has  been 
virtually  unrestricted  as  it  has  marched  out  into  desert  lands  although  it 
has  now  reached  a  point  where  it  is  competing  with  rich  agricultural  land. 
Other  cities  with  little  or  no  physical  restriction  to  expansion  are  Panama 
City,  San  Jose,  Stuttgart,  Braunschweig,  Helsinki  (to  the  landward  side), 
Kuala  Luiq>ur,  Coload>o,  and  Tunis. 

•  Caracas,  by  contrast,  is  a  clear  case  of  being  restricted  in 
the  lowland  and  foothills  between  two  paralleling  east-west  ranges  of  the 
Andes.  Athens  and  Beirut  are  in  a  somewhat  similar  position  occupying  as 
they  do,  land  on  a  narrow  coastal  plain  (and  a  valley  coming  into  that 
plain  in  the  case  of  Athens). 


EVOLUTION  OF  BUILDING  CONSTRUCTION  NEIHODS 

A  major  change  in  building  construction  method,  taking  place  in  cities 
throughout  the  world  during  the  last  50  years,  has  been  the  conversion  from 
heavy  reliance  on  ouiss  construction  to  that  of  framed  construction.  This 
process,  which  began  with  the  introduction  of  frames  for  large  buildings  in 
the  18908  has  not  proceeded  to  the  point  where  virtually  all  new  construc¬ 
tion  ox  buildings  of  any  appreciable  height — certain  three  stories  and 
beyond-”and  breadth  are  now  made  with  frames.  Frame  materials  are  either 
steel  griders  or  steel-reinforced  concrete  coluuns  and  beams.  In  both 
cases,  the  wall  "in-fill"  awtarial  placed  within  the  frame  or  a  "skin" 
placed  outside  of  the  frame  is  very  light  in  weight  and  is  not  load- 
bearing. 

Accordingly,  there  are,  in  cities  all  over  the  world,  remnant,  older 
masonry  structures  existing  alongside  newer  framed  construction  buildings. 
In  rapidly  growing  cities,  these  fraamd  structures  are  fornd  both  in  cen¬ 
tral  areas  where  they  are  replacing  the  older  masonry  structures  and  at  the 
periphery  of  cities  where  rural  land  is  being  converted  to  uzban  usages. 
This  is  not  to  overlook  recent  wass  construction  buildings  seen  in  many 
industrial/storage  urban  terrain  sones  and  some  commercial  terrain  sones. 
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This  conversion  has  many  manifestations  of  significance.  In  general, 
the  framed  structures — inherently  capable  of  being  much  caller — are  the 
modern  skyscrapers  of  the  day  and  are  used  primarily  for  offices,  hotels, 
and  apartments.  Clearly,  these  are  instrumental  in  changing  the  very  shape 
and  profile  of  cities. 

Most  importantly,  for  the  purposes  of  this  report,  this  conversion 
process  has  created  (and  is  creating)  an  urban  terrain  with  characteristics 
markedly  different  from  those  of  the  past.  Understanding  this  new  character 
is  vital  in  MOUT  considerations.  The  city  of  today  is  far  different  from 
the  city  of  World  War  II  days.  Then,  masonry  buildings  predominated.  They 
provide  considerably  more  cover  than  do  framed  buildings  because  of  their 
vastly  thicker  walls.  Wall  breaching,  a  matter  of  concern  with  masonry 
buildings,  is  virtually  a  moot  point  with  framed  structures.  Almost  all 
munitions  are  capable  of  penetrating  most  of  the  walls  of  framed 
structures — although  the  effectiveness  of  rounds  (especially  small  arms 
fire)  penetrating  these  thin  walls  is  not  fully  known. 

An  accompanying  feature  of  framed  buildings  is  that  many  of  them  are 
quite  tall  (the  frame  being  well— suited  to  such  construction).  Tall 
buildings  become  at  once  both  good  places  for  observation  and  targets  that 
are  not  only  larger  but  ones  that  may  be  hit  readily  by  aircraft- carried 
weapons  and  artillery.  Also,  these  large  framed  buildings  will  often 
(depending  on  their  functional  usage)  have  large  rooms  allowing  for  a 
variety  of  military  uses  not  possible  in  the  older  masonry  buildings  with 
their  characteristically  smaller  rooms. 


The  Perspective  of  International  Cities 

Certain  variations  on  the  general  theme  are  observed  in  the  study 
cities.  Some  cities  are  farther  along  the  conversion  process  than  others. 
Some  are  essentially  new  cities  in  which  most  of  the  construction  has 
occurred  since  the  framed  construction  revolution  began  and  framed  build¬ 
ings  became  the  dominant  type.  Others  are  older  cities  that  had  achieved 
large  areas  of  masonry  structures  before  the  advent  of  framed  structures 
and  still  retain  a  high  percentage  of  masonry  structures. 

The  amount  of  economic  development  (of  the  country  in  which  a  city 
is  found)  during  the  last  SO  years  plays  a  significant  role  in 
understanding  the  patterns  observed  in  cities.  Until  fairly  recently, 
cities  in  underdeveloped  countries  in  most  parts  of  the  world  made 
extensive  use  of  masonry  construction.  The  building  material  (for  the 
making  of  bricks  mainly)  was  local  and  the  labor  of  erecting  buildings 
with  this  unit  masonry  material  was  affordable.  The  use  of  frames  would 
have  required  the  importing  of  structural  steel  and  cement.  In  recent 
times,  however,  cement  factories  and  steel  plants  were  established  (or 
these  materials  could  be  imported  economically  from  other  low-cost  sources). 
Other  technological  advances  favoring  the  move  toward  framed  construction 
have  been  the  widespread  introduction  of  the  movable  and  portable 
construction  crane  and  the  ability  to  transport  pre-mixed  concrete  to  the 
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construction  site  by  truck.  Coinciding  with  this  was  a  need  for  larger 
structures  (higher-rise)  that  could  be  built  only  by  using  framed 
construction  methods. 

The  result  has  been  a  virtual  elimination  of  mass  construction  for 
buildings  of  almost  all  types  and  sizes.  An  interesting  curiosity  in  these 
countries  is  the  use  of  framed  construction  for  even  small,  low-rise 
buildings.  In  northwestern  Europe  and  the  U.S.,  by  contrast,  framed 
construction  is  reserved  mainly  for  multistory  structures  while  lower 
buildings  still  commonly  employ  mass  construction.  Common  building 
materials  are  brick,  concrete  block,  or  either  poured-in-place  or  "tilt-up" 
concrete  construction. 

Speaking  specifically  of  the  study  cities,  a  simple  distinction  can  be 
made  between  those  cities  that  had  achieved  a  significant  part  of  their 
present  areal  size  in  the  "mass  construction"  era— and  accordingly  have 
fairly  high  proportions  of  mass  buildings — and  those  cities  whose  present 
size  has  come  about  largely  in  recent  times.  These  latter  cities,  because 
of  their  tremendous  impetus  for  growth,  have  also  been  ones  to  have 
replaced  many  of  their  masonry  structures  that  were  in  the  original  core 
areas.  Many  of  these  masonry  remnants  (mainly  brick)  today  stand 
incongruously  small  and  mean  alongside  their  new  tall  and  shiny  framed 
brethren. 

Cities  of  the  study  with  relatively  large  areas  of  masonry  buildings 
are  the  four  European  ones  (Helsinki,  Braunschweig,  Stuttgart,  and  Vienna) 
and  the  Asian  city  of  Colombo  located,  as  it  is  in  an  economically  backward 
country.  Also  in  this  class  is  San  Jose,  Costa  Rica,  a  city  in  a  country 
that  simply  does  not  have  the  base  for  rapid  economic  growth  and  develop¬ 
ment.  Standing  in  sharp  contrast  are  those  cities  where  urban  growth  has 
been  rapid  and  have  high  proportions  of  framed  buildings.  These  are  Tel 
Aviv,  Beirut,  Panama  City,  Caracas,  Kuala  Lumpur,  Tunis,  and  Athens. 

More  detailed  discussion  of  the  zonal  pattern  of  this  construction 
phenomenon  is  presented  in  later  sections. 


URBAN  TERRAIN  ZONES 

Urban  terrain  zones  have  been  delineated  on  maps  of  the  study  cities. 
These  zones,  each  distinctive  and  representing  homogeneous  areas  on  the 
ground,  follow  the  classification  scheme  presented  above. 

For  each  of  the  cities,  there  is  a  series  of  thematic  maps,  each  map 
being  devoted  to  but  a  single  urban  terrain  class.  The  following  example 
(Figure  21)  is  of  urban  terrain  zone  dess  Dc4  (industrial/storage,  rail¬ 
road  and  dock-related)  for  the  city  of  Braunschweig,  West  Germany.  The 
example  contains  a  total  of  19  separate,  homogeneous  areas  of  the  city  that 
meet  the  definition  of  the  class.  Other  urban  terrain  zones  also  have 
representatives  in  several  parts  of  each  city.  The  use  of  the  term  zone  xn 
this  report  is  thus  somewhat  extended  from  a  simplistic  one  that  would  have 
but  a  single  occurrence  of  a  zone  in  a  city.  In  Figure  21,  the  I>c4  zone 
occurrences  are  industrial/storage  areas  that  are  found  along  the  railroad 
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service  lines  in  and  around  the  city.  This  pattern  is  quite  similar  to 
that  found  in  cities  throughout  the  world  (see  a  later  section  for  visual 
comparison  of  other  classes). 


The  Delineation  Process 

For  each  city,  the  visual  imagery  was  interpreted — supported  by  field 
observation — and  boundaries  were  drawn  around  each  occurrence  of  each  urban 
terrain  zone.  The  boundaries  were  then  transferred  to  base  maps  of  the 
cities.  An  overlay  was  then  prepared  showing  all  of  a  city's  zones.  Then, 
each  zone  was  given  a  separate  thematic  overlay.  In  this  part  of  the 
process,  all  occurrences  of  a  class  were  blackened  (as  is  seen  in  the 
Braunschweig  example). 


The  Measurement  Process 

Measurements  of  the  area  of  each  urban  terrain  zone  class  were  then 
made  using  an  electronic  planimeter  with  the  scale  programmed  to  read  in 
hectares  (100  by  100  meters,  or  10,000  square  meters).  Each  map  was  then 
reduced  to  fit  on  standard  paper.  Aggregate  figures  were  then  compiled. 


MEASUREMENT  RESULTS 

In  the  broadest  aggregated  view  (Figure  22),  more  than  two-thirds 
(69.6  percent)  of  the  area  of  all  urban  terrain  consists  of  detached 
buildings.  Only  21.0  percent  of  the  total  area  consists  of  terrain  where 
buildings  form  a  solid  phalanx  when  viewed  from  the  street;  9.4  percent  is 
in  open  space,  wooded  and  nonwooded.  Thus,  the  part  of  the  city  where 
virtually  all  movement  of  personnel  or  vehicles  is  channeled  into  and 
restricted  to  the  streets — the  sort  of  environment  often  conjured  up  in 
grisly  MOUT  scenarios — forms  but  a  fifth  of  the  total. 

For  purposes  of  discussion,  refer  to  the  following  abridged  version  of 
the  urban  terrain  zone  classification  system  (Table  3).  Full  explanation 
is  given  in  Appendix  A. 

Areas  (in  hectares)  and  the  percentages  the>  form  of  the  total  for  all 
urban  terrain  classes  are  given  in  Table  4.  Cities  are  further  grouped 
into  the  regional  classes  of  1)  Europe  2)  Mediterranean  (cities  within 
countries  bordering  on  the  Mediterranean  Sea)  3)  Asia  and  4)  Latin 
America. 


Table  3 


Urban  Terrain  Zones 


A1  Core  area 

A2  Apartnents/hotels,  core  periphery 

A3  Apartments/row  houses 

A4  Industrial/sCorage,  full  urban  form 

AS  Old  commercial  ribbons 

A9  Old  core,  vestigial 


Del  Urban  redeveloped  core  area 

De2  Apartments,  >75Z  ground  coverage 

Dc3  Houses,  >75Z  ground  coverage 

Dc4  Industrial/storage,  RR  or  dock-related 

DcS  Outer  city 

Dc7  Engulfed  agricultural  village 

DcS  Shanty  towns 


Dol  Shopping  centers 

Do2  Apartments,  <75Z  ground  coverage 

Do3  Houses,  <75Z  ground  coverage 

Do4  Industrial/storage,  truck-related 

DoS  New  commercial  ribbons 

DoS  Administrative  cultural 


ON  Open  space,  not  built  upon 

OH  Open  space,  wooded,  not  built  upon 

A  level  Ill  classification  for  leased  garden  areas  (with 
sstall  structures)  in  German  and  Austrian  cities 
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This  relatively  low  figure  of  20.8  percent  for  the  attached  building 
urban  terrain  classes  is  a  product  of  the  extensive  peripheral  expansion 
growth  that  nearly  all  cities  have  experienced  since  about  1950.  The  outer 
edge  of  these  attached  building  terrain  sones  is  essentially  the  boundary 
of  the  older  part  of  the  city,  that  part  that  grew  incrementally  lot  by 
lot,  rather  than  according  to  larger,  planned  units. 

Some  variations  are  seen  regionally  and  from  city  to  city.  Mediter-* 
ranean  cities,  for  instance  (at  19.1  percent  versus  the  overall  average  of 
14.3  percent  for  the  A3  class)  have  high  proportions  of  attached  building 
areas.  This  stems  in  part  from  the  cultural  practice  of  constructing 
buildings  to  occupy  their  lots  fully  and  in  part  simply  from  having  been 
built-up  for  a  long  time  (and  with  relatively  little  loss  of  building  stock 
from  war  damage).  A  very  good  example  is  Athens.  A  contradiction,  though, 
is  seen  in  Tel  Aviv-Yafo,  a  city  whose  main  build  of  area  dates  only  from 
1948  and  Israeli  independence. 

European  cities,  especially  German  cities,  had  higher  proportions  of 
attached  zones  in  pre-WW  II  days  than  they  do  today  (discussion  in  Vance, 
1977;  Hall,  1981).  Vienna— suffering  relatively  little  war  damage — also 
has  a  large  remaining  stock  of  such  buildings. 

Of  the  Latin  American  cities,  %diich  might  be  expected  to  follow 
Mediterranean  characteristics,  only  San  Jose  has  relatively  large  areas  of 
the  traditional  attached  forms.  Both  Panama  and  Caracas  have  seen 
extensive  spread  of  their  detached  areas,  along  with  considerable 
conversion  of  older  attached  areas,  so  that  today  their  older,  attached 
building  zones,  are  overwhelmed  by  the  newer,  detached  developments. 

The  detached,  close-set  building  zones  (Dc's)  form  42.3  percent  of  the 
total  that  is  also  a  result  of  extensive,  fairly  recent  peripheral 
expansion  of  cities.  Forming  a  large  part  of  this  total  is  the  extensive 
areas  devoted  to  apartments,  row  housing  and  freestanding,  but  closely  set 
houses. 

As  with  the  attached  classes,  the  Mediterranean  region  has  percentages 
of  the  detached  close-set  classes  equal  to  or  greater  than  the  average  for 
all  the  cities.  Tel  Aviv-Yafo,  again  because  of  having  experienced  most  of 
its  growth  in  strict  accordance  with  a  master  plan  since  1948  and  because 
of  its  great  need  to  house  extraordinarily  large  numbers  of  immigrants,  has 
a  large  part  (46.7  percent)  of  its  total  built-up  area  devoted  to  class  Dc2 
(Apartments  >75Z  ground  coverage). 

The  detached,  open-set  b  ilding  zones  (Do's)  are  composed  of  three 
basically  different  patterns.  Some  7.5  percent  (of  all  classes)  is  taken 
up  by  planned  unit  apartment  developments.  Helsinki  ranks  very  high  among 
cities  in  this  class  in  part  because  of  governmental  assistance  to  housing 
and  in  part  because  of  the  suitability  of  such  planned  complexes  in  an  area 
of  severe  winters.  Athens-Piraeus,  on  the  other  hand,  has  an  extraordi¬ 
narily  low  representation  of  this  class,  due  in  part  to  llciiteJ  space. 
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A  similar  figure,  8.1  percent  i&  devoted  to  detached,  open-set  single 
family  housing  (class  Do3).  This  is  a  figure  considerably  less  than  would 
be  encountered  in  U.S.  cities,  especially  the  more  recently  expanding  ones, 
but  expresses  the  factors  cited  earlier  (economics,  cultural  preference, 
planning  legislation). 

A  third,  and  most  common  occurrence,  is  the  area  (5.8  percent)  of  the 
universally  observed  class  of  administrative/cultural  (class  Do6).  These 
areas  are  such  universal  features  as  schools'  campuses,  governmental 
building  complexes,  and  hospitals).  Notably,  each  region  deviates  but 
little  from  the  average  for  all. 

The  distribution  of  open  srace  (nonbuilt-upon  space)  is  also 
remarkably  uniform  in  all  regions  Mth  each  region  varying  but  little  from 
the  average.  The  spatial  distribution  pattern  is  also  remarkably  even. 

Proportions  of  each  of  the  classes  within  each  of  the  three  major 
groups  (attached,  detached  close-set,  detached  open-set)  vary  widely 
(Figures  23,  24,  and  25).  In  the  attached  class  (Figure  23),  the 
residential  class  A3  is,  expectedly,  far  and  away  the  largest.  Residential 
classes — Dc2  and  Dc3 — are  also  the  major  representatives  in  the  detached 
buildings  (close-set)  class  (Figure  24).  The  relatively  large  area  in  the 
industrialAtorage  Dc4  class  could  be  important  in  MOUT  considerations.  As 
would  be  expected,  the  residential  classes  are  also  large  among  the 
detached  building  (open-set)  classes  (Figure  25).  The  large  area  in  the 
administrative/cultural  Do6  class  also  has  significant  MOUT  portent. 


Aggregated  Urban  Terrain  Zones 

Susnarising  the  data  in  accordance  with  broad  functional  types  (see  , 

Figure  26  and  Table  5)  provides  another  view  of  the  situation.  Each  broad 
grouping  of  classes  is  examined  under  headings  both  of  percent  of  total 
area  and  frequency  of  occurrence  of  the  terrain  sones  within  each  city. 

For  the  former,  the  area  of  the  classes  is  sunaed  under  the  functional  * 

classes  listed.  The  number  of  occurrences  refers  to  the  number  of 
individual  units  summed  from  all  the  maps  for  each  class. 

The  dominance  of  the  residential  classes  is  clear  in  the  broadest 
aggregate  view  (Figure  26).  Conversely,  comme.*cial  areas  that  are  so 
important  in  terms  ox  their  locations  and  tall  buildings  occupy  only  a 
small  proportion  of  total  urban  area. 

Looking  now  at  the  percent  of  total  area  column  in  Table  5,  wc  see 
that  63.8  percent  of  space  within  cities  is  occupied  by  the  classes  that 
are  almost  entirely  residential  (clasies  A2,  A3,  Dc2,  Dc3,  Do2,  and  DoS). 

Of  these,  Dc3  (houses,  >75Z  ground  coverage)  is  the  dominant,  forming  18.3 
percent  of  the  space  of  all  cities,  in  the  aggregate.  Classes  A3 
(apartments/row  houses)  and  Dc2  (apartments,  >75Z  ground  coverage)  are  also 
relatively  large  in  area.  The  open-set  housing  (Do2  and  DoS)  areas,  while 
SMller  within  the  residential  group,  are  still  large  when  compared  to  the 
nonresidential  sones. 
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Table  S 


Urban  Terrain  Zonea  Grouped  By  Function — All  Citiea  Aggregated 


Number  of 

Groups  Occurrences 

Percent  cf 
Occurrences 

Area  (ha) 

Ave  Six  (ha) 

Percent  ot 
Total  Area 

Residential 

A2 

23 

3186 

139 

3.6 

A3 

74 

12669 

171 

14.3 

Dc2 

146 

10599 

73 

12.0 

D02 

317 

6662 

21 

7.5 

Do3 

193 

7173 

37 

8,1 

Subtotal 

906 

30.6 

56457 

62 

63.8 

Indus trial /Storage 

A4 

44 

1147 

26 

1.3 

OcA 

207 

7635 

37 

8.6 

Do4 

225 

3645 

16 

4.1 

Subtotal 

476 

16.1 

12427 

26 

14.1 

Commercial 

A1 

16 

915 

57 

1.0 

AS 

17 

484 

28 

.5 

Del 

13 

147 

11 

.2 

OcS 

18 

273 

15 

.3 

Dol 

7 

39 

6 

.  t 

DoJ 

11 

383 

35 

.4 

Subtotal 

82 

2.8 

2241 

27 

2.5 

Administrative/Cultural 

O06  595 

20.1 

5164 

9 

5.8 

Old  Core 

A9 

4 

.1 

211 

52 

.2 

Old  villages 

Dc7 

26 

.9 

330 

13 

.4 

Shanty  towns 

Dc8 

29 

1.0 

2270 

78 

2.6 

Garteoplata 

Do31 

67 

2.3 

107.9 

IS 

1.2 

Open,  not  vooded 

ON 

506 

17.1 

4588 

9 

5.2 

Open,  wooded 

OW 

272 

0  ^ 

'  »  » 

3752 

14 

4.2 

TOTALS 

2963 

100.0 

88459 

29.9 

lOP.O 
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In  tenas  of  incidence  of  occurrences,  Che  residential  classes  are 
relatively  not  as  dominant,  counting  for  only  some  30.6  percent  of  all 
cases.  This  figure  singly  reflects  ciie  fact  Chat  homogereous  residential 
terrain  «ones  in  peripheral  areas  are  extensive  in  area  and  are  homogeneous 
in  character. 

Returning  Co  the  percent  of  total  area  occupied  by  classes,  the  next 
most  extensive  group  of  classes  is  that  of  industrisl/storage,  accounting 
for  14.1  percent  of  all  city  space.  As  might  be  expected,  the  railroad  and 
dock-related  class  (Dc4)  accounts  for  the  dominant  part  of  this  group  while 
the  old,  industrial/storage  area  near  the  core  areas  accouaCe  for  only  1.3 
percent  of  Che  total.  Truck-related,  while  being  an  extensive  user  of 
space  where  found,  is  still  so  new  in  moet  cities  of  the  world  Chat  it 
accounts  for  only  4.1  percent  of  total  space. 

Administrative/cultural,  as  a  single,  distinctive  class,  accounts  for 
a  total  of  5.8  percent  of  all  built-up  city  space.  Ac  the  same  time,  it 
has  almost  the  smallest  average  sixe  of  individual  occurrence  with  only  9 
hectares.  Many  of  these  are  schools  with  accompanying  grounds. 

Shanty  towns  account  for  2.6  percent  of  all  city  space,  but  this 
relatively  high  figure  is  boosted  by  the  large  area  (some  1696  hectares) 
in  Caracas  alone. 

Commercial  cones  occupy  a  smaller  amount  (2.5  percent  of  all 
built-upon  city  space)  of  area  than  might  be  expected  considering  both 
their  economic  significaince  and  the  tall  buildings  with  which  most  of  the 
coues  in  this  class  are  associated.  This  low  figure  demonstrates  that  thr 
perception  of  such  a  feature  as  a  downtown  area  probably  comes  largely  from 
a  perception  of  its  recognised  economic  value  plus  the  multiplication  of 
surface  space  that  occurs  in  multistory  buildings.  If  we  were  to  allow  an 
average  building  height  of  10  stories  in  the  core  areas  (Al),  the  figure  of 
1.0  would  attain  far  greater  significance. 

The  remainiag  three  classes  on  the  summary  table  (German  garden  places 
at  1.2  percent,  old  core  at  0.2  percent,  and  old  villages  at  .4  percent) 
are  very  limited  in  total  and  have  greater  local  importance  than  they  do 
collectively. 

Figures  27,  28,  and  29  provide  a  graphic  presentation  of  the  rank 
order  of  urban  terrain  classes  within  functional  groupings.  In  Figure  27, 
an  ordered  progression  is  seen  from  the  A2  through  Dc3  classes.  A2,  being 
in  'the  core  area,  is  small.  A3,  the  bulk  of  residential  area  within  the 
attached  building  groups,  is  large.  Of  the  industrial/storage  classes 
(Figure  28),  the  railroad /dock-related  Dc4  class  is  twice  as  large  as  the 
0o4  class;  the  A4  class  is  small,  as  would  be  expected.  The  total  area  of 
the  commercial  sones  (Figure  29)  is  small  but  of  these,  the  core  area  Al 
class  is  the  largest  while  the  shopping  center  class  Dol  is  the  snuillest. 
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Figure  30  showd  the  relative  ranked  position  of  the  area  of  all  the 
urban  terrain  zone  classes.  The  residential  classes  dominate  (the  highest 
three  are  Dc3,  A3,  and  Dc2  with  Do3  and  Do2  close  behind). 


URBAN  TERRAIN  ZONE  SPATIAL  PATTERNS 

The  observation  that  urban  terrain  zones  are  replicated  in  cities 
everywhere  despite  regional  differences  in  culture,  level  of  economy, 
political  structure  and  so  on  is  demonstrated  again  upon  examining  the 
similar  spatial  patterns  that  emerge  when  maps  of  the  spatial  distribution 
of  each  urban  terrain  zone  class  (Figures  31,  32,  33,  34,  and  33)  are 
placed  side  by  side. 

In  each  instance,  the  zonal  class  shown  on  the  thematic  maps  has 
approximately  the  same  spatial  distribution  pattern  for  each  city.  The 
pattern  has  a  definite  structure:  occurrences  of  the  class  share  such 
features  as  being  a  similar  distance  away  from  the  center  of  the  city  (or 
in  the  center  in  the  case  cf  terrain  zone  Al),  the  relation  to  railroads, 
being  about  the  same  size,  and  with  quite  a  uniform  spatial  distribution. 
Each  of  the  zones  examined  is  discussed  below. 


Zone  Al:  Core  Area 

The  core  areas  (See  Figures  31  through  34) — by  definition  in  the 
center  of  the  city — «re  small  in  area  relative  to  the  bulk  of  the 
metropolitan  area  of  the  city  (or  combined  cities).  In  the  aggregate,  they 
form  only  1.0  percent  of  total  surface  area;  counting  floor  space  would,  of 
course,  significantly  increase  this  zone's  iiiq>ortance.  For  the  landlocked 
cities,  they  lie  approximately  at  the  physical  center  of  the  city  (with  the 
exception  of  Stuttgart  where  expansion  of  the  city  to  the  south  is 
restricted  by  topographic  barriers). 

Vienna  has  the  classical  Altstadt  (or  old  city),  an  area  that  has 
always  been  the  core  of  the  city  and  has  been  preserved  as  that  today.  It 
has  the  oldest  buildings  (a  large  proportion  of  which  are  mass  construction 
in  type)  and  narrow  often  treacherous  streets  (indeed,  many  of  them  have 
been  permanently  set  aside  for  pedestrian  use  only). 

In  Helsinki,  a  port  city,  the  old  core  is  adjacent  to  the  harbor. 
Although  it  is  the  site  of  a  high  proportion  of  older  buildings,  it  has  a 
grid  street  pattern,  one  that  reflects  the  planning  of  the  whole  city  as  an 
adfflinitrative  center  going  back  to  Russian  times  (1809-1917). 

Stuttgart  has  a  center  that  has  been  largely  rebuilt  in  the  process  of 
clearing  aerial  bombardment  damage  in  World  Wax  II.  The  original  irregular 
street  pattern  has  been  somewhat  modified  during  the  process  by  straighten¬ 
ing  and  widening  arterial  streets.  Also,  in  modern  times,  the  main  street 
through  the  area,  along  with  some  connecters,  has  been  converted  to  being 
strictly  a  pedestrian  way. 
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Figure  30.  Terrain  sone  areas:  Percent 
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Figure  31.  Urban  terrain  zone  A1  (core  area):  European  cities 
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Figure  32. 


Urban  terrain  gone  A1  (core  area):  Mediterranean  cities. 
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Caracas 


Panama>Balboa 


San  Jose 


Urban  terrain  aone  A1  (core  area):  Latin  Anerican  citiea 


Colombo 


Figure  34.  Urban  terra 


Kuala  Lumpur 


A1  (core  area):  Asian  cities 


Tk«  core  ar««  ot  Brauochweig  i«  the  aott  well-defiaed  of  all  the 
cities  as  it  represents  the  sree  that  was  bounded  by  the  city  wall  for  a 
long  part  of  its  history.  The  lewd  of  boabing  daisage  was  high.  According¬ 
ly,  aost  of  the  old  asss  construction  buildings  were  destroyed  or  have 
since  been  rased  in  the  process  of  aodernising  the  city.  As  with  other 
badly  deaaged  Geraan  cities,  the  essentially  irregular  street  pattern  has 
been  ^iwen  aore  order. 

Three  of  the  Mcditcrreneen  cities— Tunis,  Athens-Pireeus ,  and  Beirut — 
hav«.  A1  core  areas.  Tel  Awiw-Tafo  because  of  its  rapid  change,  has  none. 
The  sone  in  Tunis  lies  just  inland— a  typical  location — froa  the  port  and 
dock  area  and  just  adjacent  to  the  old  Medina.  Beirut  is  large  enough  and 
coaplea  enough  to  have  two  representatives  of  the  sone. 

The  Latin  Awerican  cities  of  Caracas,  San  Jese,  and  Panasa  have 
tigf.cly  defined  cores.  The  Al  sone  is  Csracac  was  in  the  approaiaate 
center  nrior  to  the  eapaesion  of  the  city  to  the  east.  The  core  area  of 
oca  Jose  is  the  old  center  having  ber^o  laid  out  in  Spanish  colonial  tiaes. 
Streets  in  the  cor  2  of  Caracas  are  wide  boulevards  while  those  of  Sen 
Jose  ere  (wit'u  one  eacepcion)  narrow,  althou^  straight  having  been  laid  on 
s  grid  pattern  by  the  colonial  founders.  The  core  area  of  Panana  City  is 
bounded  by  the  bay  on  one  side  and  has  the  traditional  narrow  streets  of 
colonial  cities.  The  center  of  Balboa  is  not  a  core  in  the  traditional 
sense  but  ie  the  product  of  city  planning  as  the  Canal  Zone  was  developed. 

la  As;  1,  Colombo  has  two  core  erees  as  is  typical  of  forsMr  British 
colony  port  cities  in  South  Asia,  lbs  British-founded  center  (Port  Colosibo) 
drsonstratas  the  regularity  of  planning  while  the  nearby  area  (Pettab)  is 
what  the  British  referred  to  as  the  "native  quarter."  Euala  Lunpur  has  a 
single  M  center  that  resiains  as  its  principal  business  area.  A  fair 
anount  of  it,  however,  hes  beec  rased  to  wake  way  for  a  nen#  Del  center  of 
high-rise  office  buildings. 

The  latter  i«es,  to  this  day.  a  hi^  proportion  of  sinple  brick 
buildings  and  narrow  and  irregularly  patterned  streets. 


Zone  Dc4:  IndusCrial/btorage,  Railroad/Dock-Beleted  (Figures  3S  through 

38). 


Multiple  function  cities  (as  opposed  to  such  snail,  single  function 
cities  as  resort  rowns)  everyeliere  have  distinctive  sones  that  are  devoted 
to  industry/storr le,  developed  as  a  result  of  the  presence  of  rail  lines  ~;»r 
docks.  These  sones  have  building*  that  are  linear  in  shape  and  are 
separotad  by  narrow  strips  for  rail  lines  or  docks.  Cities  of  any 
spprecisble  sise  have  several  discrete  snd  separated  sones  coning  as  a 
result  of  having  several  railroads,  docking  areas  or,  in  the  case  of  large 
poit  cities,  both.  The  shape  of  the  wooes  thcnselves  tends  to  be  aaigular 
aittd  o'-trow. 

Of  the  Zuropean  cities,  Vienna  has  widely  distributed  rsil/dock- 
rel^ted  industrial/storage  sones  both  in  the  older  part  of  the  city  along 
rail  liees,  idiich  converge  cn  this  capital  city,  rod  across  the  Danube  to 


•0 


Stuttgart 


Braunsdiwtfg 


Figure  35.  Orben  terrain  none  Dc4  (induntrial/nCoragc):  Europaaa  citias, 
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Figure  38. 


Orb«9  curraia  soaa  &:4  (ioduatrial/acorag*):  Aaiaa  cities. 
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the  northeast.  As  with  Helsinki,  Vienna  is  a  capital  city  and  the  largest 
city  in  the  country  and  is  accordingly  the  center  for  much  of  this  type  of 
activity. 

Only  Helsinki  (in  this  European  group  of  cities)  is  an  ocean  port  city 
(not  counting  the  significance  of  Danubian  navigation  in  Vienna)  and  thus 
is  the  only  one  possessing  a  combination  of  Dc4  areas  that  represent  both 
V  dock  and  rail  relationships.  In  Helsinki,  the  dock  areas  are  to  the  south 

while  the  interior  areas  are  along  railroad  lines;  together,  they  form  the 
locale  for  much  of  the  commerce  and  industry  of  all  of  Finland. 

«  Stuttgart's  industrial/storage  urban  terrain  sones  are  both  widely 

distributed  and  large  in  area.  The  whole  sone  on  the  southeastern  side  is 
occupied  mostly  by  the  works  of  the  Mercedes-bens  Corporation.  This  area 
follows  the  criteria  for  the  sonal  delineation  thanks  partly  to  the 
railroad  and  partly  to  the  canalised  portion  of  the  Neckar  River  on  which 
raw  luterials  for  industry  travel. 

Braunschweig  (see  earlier  description  of  this  sane  map)  clearly  has 
its  Dc4  areas  lying  along  rail  lines  surrounding  the  core  and  adjacent 
residential  area.  Braunschweig  indeed  comes  the  closest  of  any  city  in  the 
study  to  displaying  a  concentric  ring  pattern  of  terrain  sones. 

Several  examples  of  industrial/storage  urban  terrain  sones  are  seen  in 
the  Neditervanean  cities.  These  lie  at  a  similar  distance  from  the  core 
areas  of  these  cities  (with  the  exception  of  Tel  Aviv-Tafo,  which  has  no 
awidern  core). 

Tel  Aviv-Tafo  has  Dc4  areas  both  at  the  dock  area  and  inland  along  the 
rail  lines.  Tunis  shows  a  similar  pattern  (with  the  harbor  on  the  eastern 
side)  and  rail  lines  in  the  interior.  Athens-Piraeus  shows  a  similar 
pattern  with  the  dock  area  of  Piraeus  (on  the  southeastern  side  of  the 
city),  a  large  industrial /storage  area  lying  in  between  Piraeus  and  Athens, 
and  two  other  areas  lying  to  the  north.  Beirut  also  conbines  its  dock 
areas  to  the  north  of  the  city  and  some  railroad  related  areas  to  the 
interior. 

In  the  Latin  American  cities  group,  Panama-Balboa  has  both  dock- 
related  representatives  of  the  class  on  the  western  (canal  side)  and 
railroad-related  ones  to  the  northeast.  Caracas  has  Dc4  areas  at  both  ends 
of  the  trench-like  valley  it  occupies.  In  Ban  Jose,  the  rail  areas  lie 
both  to  the  north  and  to  the  south  or  the  core  area. 

Colosd>o,  being  a  port  city  with  the  country's  major  rail  lines  leading 
from  the  port  to  all  parts  of  8ri  Lanka,  has  Dc4  industrial/storage  areas 
in  both  locations.  The  docks  are  along  the  northwestern  side  (along  the 
artificial  harbor)  and  to  the  interior,  mainly  in  the  northern  half  of  the 
city.  The  Dc4  area  of  Ku4.1a  Lumpur  is  limited  to  the  area  along  the  main 
railroad. 
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Zone  Do2:  Apartments,  Less  Than  73Z  Ground  Coverage  (Figures  39  through  42) 

Because  high  land  values  near  the  core  make  the  wide  spacing  of  build¬ 
ings  on  their  lots  uneconomic,  the  space  consuming  Do2  class  is  found 
mostly  at  the  periphery  of  each  of  the  study  cities.  These  planned  apart¬ 
ment  complexes  require  a  fair  amount  of  ground  i^pace  for  the  apartment 
buildings  and  associated  land  uses,  like  parking  and  chopping  facilities. 

The  European  study  cities  have  a  large  number  of  Do2  zones.  As 
expected,  and  conforming  to  theory,  most  are  located  at  the  periphery  of 
the  city.  Many  are  seen  in  Vienna  in  a  band  at  the  edge  of  the  city.  A 
similar  pattern  is  seen  in  Helsinki,  Stuttgart,  and  Braunschweig.  In  all 
instances,  these  are  clusters  of  high-rise,  modern,  reinforced  concrete¬ 
framed  apartment  buildings.  Most  are  freestanding  structures,  usually  long 
and  linear  in  shape  and  surrounded  by  open,  landscaped  surface  with  parking 
areas  interspersed.  Virtually  all  have  long,  clear  lines  of  sight  in  all 
directions  (this  often  means  looking  both  inward  toward  the  balance  of  the 
built-up  area  and  outward  to  the  open  countryside).  Having  large 
populations  and  thus  requiring  a  high  degree  of  access,  they  are  frequently 
located  along  major  arterials. 

Following  a  definite  European  pattern  are  the  cities  of  the 
Mediterranean  area.  Tel  Aviv-Yafo,  as  part  of  its  effoj’t  to  construct  new 
housing  for  its  many  immigrants,  includes  a  number  of  Do2  housing  units  in 
its  general  development  plan.  As  usual,  they  are  loc»:ted  at  the  periphery 
of  the  city  reflecting  the  recent  trend  toward  larger,  multifamily 
structures.  Tunis  has  an  incipient  development  of  its  own,  again  with 
units  at  the  edge  of  the  city.  Athens-Piraeus,  although  largely  a  city  of 
apartments,  has  few  representatives  of  this  open-set  class;  most  of  its 
apartments  are  in  the  Dc2  class.  Beirut  also  has  &  large  area  of  close-set 
apartments  but  does  have  some  of  the  more  open  Do2  class  located  espe'.:ially 
in  premium  coastal  areas  and  in  areas  in  the  mountains  to  the  east. 

The  pattern  in  Latin  American  cities  is  (with  the  exception  of 
Caracas)  not  as  intensive  as  that  found  in  Europe.  Panama  City  has  one 
oiajor  new  area  of  this  class  (as  well-developed  as  any  in  European  cities) 
and  only  a  few  lesser  ones.  The  phenomenon  has  only  barely  come  to  San 
Jose,  a  city  which  has  so  far  expanded  onto  surrounding  agricultural  land 
that  has  been  plentiful  enough  to  allow  the  construction  of  low-rise 
structures  and  indivdual  houses. 

In  Asia,  Colombo  has  limited  development  along  this  line  reflecting 
the  country's  general  economic  backwardness.  Kuala  Lumpur  has  several  such 
developments  in  keeping  with  its  modernism. 


Zone  Do3:  Houses,  Less  Than  /5Z  Ground  Coverage  (Figures  43  throu^^  46) 

Freestanding  houses,  not  just  a  phenomenon  of  U.S.  cities,  are  found 
widely  distributed  in  the  international  cities  studied  here.  As  their  U.S. 
counterparts,  they  are  found  occupying  less  expensive  laud  at  the  periphery 
of  the  city.  Tracts  of  then,  ordinarily  fairly  large,  are  planned  units 
built  in  recrmt  years. 
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Colombo 


Kuala  Lumpur 


Figure  42. 


Urban  terrain  eone  l>o2  (apartnenta,  opan>aat):  Aaian  citiae. 


Tunis 


Urban  terrain  aone  Do3  (houaea,  opan-act):  Mediterranean  citiea 
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The  total  space  devoted  to  this  phenomenon  and  the  pattern  vary  consider¬ 
ably  from  region  to  region.  For  the  European  cities,  the  occurrences  at 
the  periphery  of  the  city,  but  not  in  the  area  lying  toward  the  core  area, 
reveal  that  this  mode  of  urban  form  has  not  been  part  of  the  earlier 
development  but  has  happened  only  in  recent  times.  In  ocher  words,  these 
areas  at  the  edge  of  the  city  are  quite  similar  to  the  situation  with 
rapidly  expanding  U.S.  cities.  In  nil  cases,  these  zones  lie  some  several 
kilometers  from  the  core  of  the  city.  While  in  all  four  European  cities — 
Vienna,  Helsitiki,  Stuttgart,  and  Braunschweig — the  instances  of  this  class 
are  most  often  part  of  the  outermost  tier  of  functional  zones,  they  do  not 
form  a  solid  ring  around  the  edge  of  the  city:  other  uses,  such  as 
indueCrial/storage  and  apartments  are  their  neighbors.  This  fact  is 
potentially  a  useful  one  in  appraising  potential  MOUT  operations. 

Some  freestanding  housing  exists  in  the  Mediterranean  cities  but  the 
prevailing  close-set  detached  housing,  or  even  attached  housing  (the  Dc 
classes  or  Che  A  classes)  has  been  such  a  significant  part  of  the  culture 
of  the  area  that  little  of  the  open-set  housing  has  been  constructed. 
Still,  some  are  seen  in  the  newer,  peripheral  developments  of  Tel  Aviv-Yafo 
and  Tunis.  Little  occurs  in  Athens-Piraeus  and  none  in  Beirut  (at  least  in 
the  area  mapped,  as  determined  by  the  extent  of  the  topographic  base  map 
used) , 

The  tendency  for  constructing  higher  density  residential  tracts  in 
Latin  American  cities— following  largely  the  example  of  the  Mediterranean 
colonizing  countries— means  that  here  as  well,  the  occurrence  of  detached 
housing  is  slight.  The  readily  explained  exception  is  in  Panama-Balboa 
where  the  occurrences  in  the  southwestern  section  of  the  joint  city  are 
part  of  U.S. -designed  and  built  Balboa.  The  area  in  the  northeartern  part 
of  the  city  is  reminiscent  of  new  developments  in  Tunis  and  Tel  Aviv-Yafo. 
Developments  in  San  Jose  are  also  at  the  far  periphery  of  the  city. 

Colombo  has  one  large  area  of  low-density  housing  occurring  in  the 
southernmost  part  of  the  city.  Freestanding  housing  elsewhere  is  more 
dense  and  accordingly  falls  in  the  Dc3  class.  Again,  Kuala  Lumpur  has 
several  such  areas  thus  expressing  its  affluence. 

Zone  Do6:  Administrative/Cultural  (Figures  47  through  50) 

Of  all  the  zonal  classes,  the  administrative/cultural  class  is  the 
most  evenly  distributed  throughout  each  city.  The  reason  lies  in  the 
nature  of  the  function  with  many  of  the  occurrences  serving  a  local  part  of 
the  city,  a  neighborhood  school  or  church,  for  instance.  Governmental 
areas  are  found  in  both  core  areas  and  in  suburbia.  College  campuses  and 
hospitals  are  also  found  widely  in  every  city. 


Braunschweig 


Do6  (administrative/cultural ) :  European  cities. 


Caracas 


Panama-Balboa 


San  Jose 


terrain  tone  Do6  (adainistrative/cultural):  Latin  American  citiea 


In  addition  to  an  even  epatial  diatribution,  these  Do6  occurrences  are 
often  fairly  small  in  area,  a  school  campus  ground  for  instance,  or  a 
cluster  of  administrative  buildings.  Some  are  large,  however,  as  is  seen 
in  some  permanent  military  installations  lying  within  urban  areas.  The 
extensive  grounds  of  university  campuses  or  major  hospitals  with  attending 
buildings  are  other  examples. 


Perhaps  most  important  to  the  process  of  allowing  for  the  encoun¬ 
tering  of  various  environments  in  MOUT  planning  is  that  administrative/ 
cultural  cones  .ire  universal  in  cities  throughout  the  world.  Not  all  cities 
have  some  of  the  other  cones,  such  as  shanty  towns,  for  instance.  But,  all 
societies  have  need  for  places  to  house  their  administrative  functions  and 
all  have  cultural  and  other  institutions  that  require  homes.  Because  these 
functions  are  administered  either  by  governmental  or  large  private  organi¬ 
sations,  there  is  the  opportunity  to  acquire  fairly  large  parcels  of  land 
and  to  place  planned,  orderly  sets  of  buildings  (with  attendant  open  area 
in  between)  on  them. 

European  cities  provide  a  good  example.  In  Vienna,  significant  space 
is  devoted  to  this  phenomenon  in  many  parts  of  the  city.  The  only  excep¬ 
tions  are  the  heart  of  the  Altstadt — where  space  is  limited  for  all 
functions — and  the  indue trial /storage  areas  where  the  occurrence  of 
adfflinistrative/cultural  functions  would  be  incompatible.  The  city's  famous 
Ringstrasae  area— built  on  ground  cleared  when  the  old  city  wall  was 
raced— is  the  site  of  several  Do6  developments.  Helsinki  shows  about  the 
same  pattern  with  its  large  planned  administrative  area  adjacent  to  the 
core.  Stuttgart  has  a  similar  pattern  with  a  significant  area  of  public 
buildings  and  open  space  lying  just  at  the  edge  of  the  downturn  area. 
Braunschweig  has  somewhat  smaller  occurrences  of  the  same  situation. 

The  Mediterranean  cities  displAv  about  the  same  pattern.  Tel  Aviv- 
Yafo — being  a  product  of  modern  city  planning— has  such  units  quite  evenly 
dispersed.  The  large  one  in  the  eastern  part  of  the  city,  however,  is  a 
military  installation.  Tunis  has  some  small  instances  in  the  older 
(eastern)  section  of  the  city,  some  larger  ones  in  the  northern  suburban 
section,  and  one  very  large  area  of  hospitals  and  related  isedical 
facilities  in  the  western,  central  part  of  the  city.  The  pattern  in 
Athens-Piraeus  is  the  usual  dispersed  one.  T^eirut  shows  a  similar  pattern; 
the  large  area  in  the  northwestern  part  of  the  city  is  the  campus  of  the 
American  University. 

The  same  general  pattern  is  observed  for  the  Latin  American  cities. 
The  large  area  in  central  Caracas  is  a  university  campus.  Panama-Balboa 
has  a  fair  number  of  occurrences  of  Dob.  Some  are  in  planned  Balboa  and 
some  in  the  main  part  of  the  city.  San  Jose  has  a  wide  number  of  small 
instances  in  churches  (always  with  accompanying  plasas)  and  both  public  and 
secular  educational  institutions. 

In  Asia,  the  pattern  is  the  same.  Both  example  cities  are  product  of 
British  colonial  developments,  ones  that  favored  the  founding  of  adminis- 
trstive/cultural  institutions  with  their  accompanying  forms.  Colombo  has 
some  large  ones  in  the  suburban  area  (central  and  south)  but  few  in  the 
crowded  residential  and.  comtsercial  area  in  the  northern  part  of  the  city. 
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Tht  coaparitona  described  «nd  aneXysed  above  are  btt  exauplee  of  aiini- 
lar  ralationahi.pe  obaerved  froa  city  to  city  for  all  urban  terrain  claases. 
Individual  thettatlc  aapa  of  each  claaa  for  every  city  nay  be  couaulted  (aee 
thematic  auipa  in  Appendix  C). 


CHARACTERISTICS  OF  BUILDINGS  WITHIN  TERRAIN  ZONES 

•I  The  nature  of  buildinga  that  occupy  urban  terrain  aonea  ia  of  key 

iaiportance  to  MOUT.  Knowledge  of  auch  featurea  aa  tha  type  of  conatruc- 
tion,  building  height,  and  exterior  wall  aurface  texture  ia  invaluable.  In 
addition,  by  knowing  the  diatribution  of  typea  of  buildihga,  other  charuc** 
«  teriatica  iaportant  to  nilitary  operationa  may  be  inferred.  Exanplea  are 

linea  of  aight,  fielda  of  fire,  poaaibilitiaa  for  amneuvar,  locationa  for 
deployment  of  weapona  of  varioua  typea,  and  obaarvation  pointa. 

Moat  of  the  sonea  in  citiea  evarywhere  are  largely  homoganeoua  aa  to 
type  of  buildinga  and  their  cbarac teriatica.  Certainly,  the  reaidential 
elaaaea  (comprising  the  laoat  area  in  any  city)  tend  to  be  homoganeoua.  The 
reason  is  that  the  taode  of  construction  and  setting  of  buildinga  within  a 
sone  follows  local  construction  practice.  Thus,  for  example,  the  single 
family  detached  housing  of  reaidential  areas  of  a  particular  city  will 
nearly  all  be  made  of  brick,  wood,  or  whatever  tha  local  common  construe* 
tlon  form  may  be.  Change  of  conatruction  form  has  taken  place  at  certain 
times  When  either  some  new  technology  waa  introduced  or  eonditiona  for 
ia^orting  exotic  materiala  and  taehniquea  became  more  favorable.  An 
example  ia  the  conversion  from  brick  construction  to  framed  construction. 
In  '  a  typical  case,  a  large  older  area  of  residential  buildings  made  of 
brick  occupies  a  section  of  a  city.  The  same  city  will  almost  always  have 
newer  sections,  constructed  since  modern  conatruction  technology  came  to 
*  the  country,  i^ere  virtually  all  of  the  buildings  are  constructed  with 

reinforced  framed  concrete  construction.  Tbe  result  ia  that  a  city  haa 
several  morphologically  different  residential  areas.  One  area  has  one  type 
of  conatruction,  one  haa  another  but  each  haa  a  high  degree  of  homogenity. 

Only  when  auch  areas  undergo  conversion  .uilding  by  building  does  much 
mixing  occur.  A  typical  case  is  an  industrial/storage  area  that  has  such  a 
degree  of  permanence  that  old  masonry  buildinga  are  rased  within  a  xone  and 
are  replaced,  singly,  by  framed  conatruction  buildinga. 


Building  Construction  Types:  Terrain  Zones 

The  actual  occurrence  of  building  construction  types  and  building 
height  is  recounted  in  the  following  material.  Methods  employed  to  acquire 
the  data  consisted  of  devising  a  saopling  frame  with  its  also  based  on  the 
proportional  representation  of  each  urban  terrain  sone  to  permit  equitable 
comparison.  The  proportion  that  each  urban  terrain  sone  class  forawd  of  the 
total  was  noted  (from  Table  4).  Then,  the  sample  siss  was  decreed  to  be  10 
buildings  for  each  percentage  point.  For  example,  the  A2  sone,  forming  3.6 
percent  of  the  aggregate,  called  for  observing  and  classifying  36  buildings 
within  A2  sonea  for  each  city.  The  points  within  the  sones  to  be  sampled 
were  selected  at  random  (by  dropping  a  handful  of  thumb  tacks  on  the  aiap 
and  scoring  the  building;^  touched  by  the  tack  points). 
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The  actual  figures  were  then  converted  to  percentages  for  making  relative 
comparisons. 

Measurement  of  building  types  (Table  6)  made  the  distinction  between 
mass  and  framed  construction.  Actual  figures  are  given  for  most  of  the 
tones  of  the  city:  sums  and  percentages  are  presented  for  each  region  and 
for  the  total  of  each  urban  terrain  tone. 

Prevailing  types  were  then  grouped.  Figure  Si  lists.,  in  rank  order, 
terrain  tones  where  mass  construction  dominates:  Figure  52  ranks  tones 
where  framed  buildings  exceed  50  percent  of  all  structures  in  a  tone. 

Several  separate  reasons  can  be  cited  to  explain  why  mass  construction 
dcninatet  in  some  tones  (Figure  51).  In  rank  order — as  seen  oi\  the  graph- 
are 


•  Dc7  (the  engulfed  agricultural  village)  has  a  high  proportion 
of  matins  buildings  partly  because  of  having  been  built  prior  to  the  time  of  ' 
modern  framed  construction  and  partly  because  structures  are  low-rise. 

•  A3  (apartments  and  row  houaea).  Again,  the  attached  form  tonea 
are  generally  old  and,  in  this  case,  are  also  low-rise. 

•  Dc3  (houses,  close-set).  These  structures  are  often  built  with 
mass  construction  although  the  Mediterranoan  area  is  an  exception. 

•  Dc2  (apartments,  close-set).  Almost  exactly  the  same  pattern 
(as  the  Dc3  cone)  is  seen. 

•  Do3  (houses,  open-set).  Traditionally,  Do3  stuctures  in  suiny 
parts  of  the  world  were  sMde  with  mass  construction  but  large  number  of 
new,  framed  structures,  especially  in  the  Mediterranean,  Asia,  and  Latin 
America  have  reduced  this  dominance. 

Conversely,  another  set  of  equally  applicable  reasons  can  be  cited  to 
explain  the  domination  of  the  remaining  terrain  cones  by  framed  structures 
(Figure  52).  With  the  exception  of  the  Do2  modern  apartswnt  sone,  all  are 
nonresidential  in  character.  One  important  reason  for  this  is  the  greater 
inherent  adaptability  of  framed  structures  in  allowing  subdivision  of  a 
building's  interior  space  into  the  varying  siaed  units  required  by  a  wide 
variety  of  nonresidential  users.  Specific  reasons,  per  sone,  are 

•  Dc5  (outer  city)  is  composed  entirely  of  framed  light-clad 
buildings.  Only  structures  of  this  type  would  be  suitable  for  the 
commercial  use  for  which  they  are  designed. 

•  Do4  (truck-related  industrial/storage).  Fraams  are  dosdnant 
here  partly  because  these  sones  are  of  recent  vints^e  and  partly  because 
framed  buildings,  especially  the  thin-walled  structures,  are  cost- 
benefirial  for  many  industrial/storages  uses. 

•  Do2  (apartments,  open-set).  So  many  units  of  this  type  use 
framed  structures  as  being  the  preferred  means  for  constructing  high-rise 
(more  than  five  stories)  structures. 
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Tabu  6 


Building  Types:  Major  Terrain  Zones 


_ Terrain  Classes 

A2  A3  A4 


Cities 

Mass 

TrasMd 

Mass 

Framed 

Mass 

PrasMd 

EUROPE 

Helsinki 

26 

10 

134 

10 

7 

6 

Braunschveig 

<«• 

- 

- 

- 

- 

- 

Stuttgart 

28 

133 

11 

7 

7 

Vienna 

32 

3 

141 

3 

9 

5 

Subtotal 

86 

22 

409 

24 

23 

19 

Percent 

80 

20 

94 

6 

55 

45 

MEDITERRANEAN 

Athens^Piraeus 

A 

32 

14 

130 

2 

12 

Tel  Aviv-Yafo 

2 

34 

10 

134 

3 

11 

Beirut 

3 

33 

27 

U7 

3 

ll 

Tunis 

8 

28 

94 

50 

6 

7 

Subtotal 

17 

127 

145 

441 

15 

41 

Percent 

12 

88 

25 

75 

27 

73 

ASIA 

Colonbo 

— 

130 

14 

9 

5 

Kuala  Lumpur 

17 

19 

125 

19 

6 

8 

Subtotal 

17 

19 

255 

33 

15 

13 

Percent 

A7 

53 

89 

ll 

54 

46 

LATIN  AMERICA 

San  Jose 

12 

24 

138 

6 

9 

5 

Panama-Balboa 

- 

- 

36 

108 

5 

9 

Caracas 

- 

- 

74 

70 

5 

9 

Subtotal 

12 

24 

248 

184 

19 

23 

Percent 

33 

68 

57 

43 

45 

55 

GRAND  TOTAL 

132 

192 

1056 

682 

72 

96 

PERCENT 

41 

59 

'il 

39 

43 

57 

(continued) 
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Table  6  (Coatinuad) 

Building  Typas:  Hajor  Terrain  Bonea 


Terrain  Claueee 


Do2 

Do3 

Dod 

Do6 

Citiea 

Naas  Fraaed 

Naas  Fraaad 

Naaa  Fraontd 

Haas  Fraaad 

BUROPB 


Halainki 

27 

49 

82 

0 

22 

20 

48 

10 

Braunschwait 

49 

29 

82 

0 

21 

21 

21 

38 

Stuttgart 

4S 

31 

82 

0 

9 

33 

17 

41 

Vienna 

51 

25 

82 

0 

28 

14 

56 

2 

Subtotal 

172 

134 

328 

0 

80 

88 

142 

91 

Far cant 

56 

44 

100 

0 

48 

52 

61 

39 

NBOXTBtRAlflAN 

4thaoa**Firaaua 

0 

76 

16 

56 

0 

42 

8 

50 

Tal  Aviv-Yafo 

0 

76 

9 

73 

0 

42 

0 

58 

Beirut 

0 

76 

- 

0 

42 

10 

48 

Tunii 

2 

74 

24 

58 

0 

42 

iS 

30 

Subtotal 

2 

302 

49 

187 

0 

168 

46 

186 

Percent 

1 

99 

21 

79 

0 

100 

20 

80 

ASIA 

Coloabo 

38 

18 

37 

44 

2 

40 

38 

20 

Kuala  Lunpur 

0 

76 

32 

50 

0 

42 

30 

28 

Subtotal 

58 

94 

69 

94 

2 

82 

68 

48 

Percent 

38 

62 

42 

58 

2 

98 

59 

41 

UTXN  ANBRICA 

San  Joan 

0 

76 

70 

12 

0 

42 

37 

21 

Panaaa>Balboa 

0 

76 

17 

65 

0 

42 

33 

25 

Caracaa 

0 

76 

14 

68 

0 

42 

20 

38 

Subtotal 

0 

228 

101 

145 

0 

126 

90 

84 

Percent 

0 

100 

41 

59 

0 

100 

52 

48 

GRAND  TOTAL 

232 

758 

546 

426 

82 

464 

346 

408 

PBRCBNT 

23 

77 

56 

44 

15 

85 

46 

54 

(eoatinuad) 
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Figure  52.  Urban 


•  Dc4  (railroad  and  dock-related  industrial/storage).  While  this 
zone  has  numerous  older  mass  construction  buildings,  frames  form  the  major¬ 
ity.  As  with  the  truck-related  class,  many  industrial/storage  applications 
make  good  use  of  the  properties  of  framed  structures. 

•  A2  (apartments,  hotels  in  the  core  periphery).  The  figure  of 
59  percent  framed  structures  in  this  zone  indicates  how  far  the  transition 
from  mass  construction  has  progressir^d.  This  process,  as  expected,  is  much 
further  along  in  the  more  recently  developed  cities  and  lagging  in  Europe. 

•  A4  (full  urban  form  industrial/storage).  This  zone  has  histor¬ 
ically  had  a  high  proportion  of  mass  buildings.  The  framed  structures 
majority,  in  the  aggregate,  comes  largely  from  the  more  recently  developed 
cities. 

•  Do6  (administrative/cultural).  The  bare  majority  of  frames 
stems  mostly  from  the  large  numbers  of  recent  institutional  construction. 
Institutions,  by  their  very  longevity,  have  large  numbers  of  older,  mass- 
constructed  buildings. 

Building  Height:  Terrain  Zones 

A  measurement  of  building  heights  for  each  zone  (not  all  cities  have 
all  zones)  along  with  a  statement  of  observed  dominant  height  (in  number  of 
stories)  was  made  for  each  of  the  13  studied  cities  (data  appear  in 
Appendix  B) . 

Some  zones  are  naturally  low  in  profile>  e.g.,  houses  and  truck- 
related  industrial/storage  structures.  In  other  instances,  some  cities  are, 
on  the  whole,  taller.  Generally,  large  cities  have  high  enough  land  values 
to  make  profitable  the  multiplication  of  surface  space  by  high-rise  con¬ 
struction.  Sometimes,  land  values  rise  (making  tall  buildings  the  only  via¬ 
ble  alternative)  due  to  physical  lack  of  suitable  building  places.  Espe¬ 
cially  tall  cities  are  Caracas  (large,  rapidly  growing  and  with  a  finite 
amount  of  level  land);  Kuala  Lumpur  (quickly  filling  a  need  for  high-rise 
offices  and  hotels  to  serve  a  rapidly  developing  economy);  Athens  and 
Beirut  with  their  large  populations  and  limited  optimally  located  buildable 
space;  Tel  Aviv  as  the  leading  commercial  center  of  Israel;  and  parts  of 
Panama  City  in  its  rapid  growth  areas. 

Low-profile  cities  are  those  of  Europe  plus  slow-growing  Colombo,  San 
Jose,  and  Tunis.  Each  has,  however,  as  the  table  indicates,  some  locally 
tall  buildings. 

On  the  aggregate,  the  tallest  urban  terrain  zones  for  all  cities  are 

A1 ,  the  core 

A2,  the  core  periphery 

A4,  the  urban  form  industrial/storage  area  located  near  the  core 

Del,  the  urban  redeveloped  core  area 

Dc5,  outer  city 

Do2,  open-set  apartments 


Necessarily,  or  customarily,  low^-height  zones  are: 

A3,  apartments  and  row  houses 
A5,  old  commercial  ribbons 
A9,  old  core,  vesLigial 
Dc2,  apartments,  close-set 
Dc3,  houses,  close-set 

Dc4,  railroad  and  dock-related  industrial/storage 

Dc7,  engulfed  agricultural  villages 

DcS,  shanty  towns 

Dol,  shopping  centers 

Do3,  houses,  open-set 

Do4,  truck-related  induatrial/storage 

DoS,  new  commercial  ribbons 

Do6,  administrative/cultural 

Building  height,  as  a  measure,  has  some  correlation  with  building  type 
(examined  in  the  previous  section).  With  only  very  rare  exception,  all 
buildings  over  five  stories  tall  are  framed  structures  owing  simply  to  the 
infeasibility  of  using  mass  construction  methods  for  all  building  construc¬ 
tion.  A  high  proportion  of  buildings  shorter  than  five  stories  are  also 
framed  structures.  This  situation  is  especially  the  case  in  Asia,  the 
Mediterranean,  and  Latin  America. 

The  zone  where  the  greatest  degree  of  conversion  can  be  expected  is 
the  core  area  of  a  city.  Because  the  land  of  these  areas  is  constantly  of 
such  high  value,  there  is  impetus  to  replace  old  building  stock  with  new 
(the  direction  usually  being  to  taller  structures  able  to  take  advantage  of 
the  high-cost  land).  The  following  data— derived  from  measurements  taken 
in  the  field  with  method  described  earlier— provides  a  detailed  examination 
of  the  core  areas  (Urban  Terrain  Zone  Al)  for  the  studied  cities.  Data  are 
given  for  1)  building  type;  2)  building  height;  and  3)  exterior  wall 
texture. 


Urban  Terrain  Zone  AI:  Building  Types 

The  basic  types  of  construction  were  observed  and  recorded  in  the 
field  for  sample  areas  within  the  Al  zone  of  each  city.  Notation  was  made 
as  to  whether  buildings  were  mass  construction,  framed  heavy-clad  or  framed 
light-clad  (see  data  in  Table  7  and  the  graph.  Figure  53). 

The  total  figures  (for  all  the  cities)  show  that  mass  construction 
accounts  for  39.7  percent.  Framed  structures  (both  heavy-  and  light-clad 
combined)  form  the  balance  of  the  total  with  60.3  percent.  Heavy-clad 
structures  account  for  10. 1  percent  while  framed  light-clad  structures  form 
50.2  percent.  Each  region  varies. 

Looking  first  at  mass  construction,  European  and  Asian  cities  have 
figures  above  the  average:  47.7  percent  in  Europe  and  52.3  percent  in 
Asia.  Mediterranean  cities  are  slightly  below  average  with  36.9  percent 
vhile  Latin  American  cities  are  cdnsiderably  lower  at  22.6  percent.  As 
stated  earlier,  the  rate  of  econMiic  growth  and  development  plays  a 
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Figure  53.  Urban  terrain  aone  Al:  Building  types. 


•ignificant  role.  Cities  in  those  countries  that  have  developed  rapidly 
and  whose  urban  complexes  dc'.e  siainly  from  the  post-World  War  II  period  cau 
be  expected  to  have  low  proportions  of  omss  construction  buildings.  Older 
cities  in  stable  countries  (Vienna  is  the  most  well-developed  example) 
retain  aiany  of  their  older  mass  structures  with  relatively  little  newer 
framed  construction  except  for  necessary  rebuilding.  Many  German  cities, 
of  course,  have  had  their  downtowns  very  largely  rebuilt  in  postwar  times. 
A  city  like  Frankfurt  am  Main  is  an  excellent  example,  going  as  it  did  from 
ruins  to  skyscrapers  in  two  decades. 

For  the  framed  heavy-clad  class,  there  is  relatively  little  deviation 
from  one  region  to  another.  This  represents  mainly  the  recent  construction 
of  large  downtown  buildings  that  had  prevailed  in  the  twenties  and  thirties 
as  cities  everywhere  first  began  erecting  high-rise  structures.  Examples 
of  these  are  seen  in  11  of  the  cities.  The  buildings  have  remained  fairly 
well  untouched  in  the  modern  era  as  they  are  fairly  large,  and  therefore 
efficient  structures  and  are  no  such  obvious  candidates  for  replacement  as 
are  the  usually  smaller,  less  efficient  brick  buildings.  Also,  their 
survival  rate  during  the  war  was  greater  than  that  of  the  easily  toppled 
(and  incinerated)  brick  structures. 

The  case  for  the  framed  light-clad  structures  is  virtually  the 
inverse  of  that  for  brick  buildings.  Indeed,  the  framed  light-clad 
buildings  have  almost  everywhere  been  constructed  on  land  made  available 
by  rasing  brick  buildings;  the  process  was  "forced"  in  the  case  of  many 
war-damaged  cities.  (The  process  in  U.S.  cities  has  been  economically 
induced).  Europe,  while  it  has  many  framed  light-clad  buildings,  stands 
below  the  aggregate  figure.  Of  the  individual  cities,  note  that  Stuttgart 
and  Braunschweig  (both  heavily  damaged  during  the  war)  have  extraodinarily 
high  percentages.  In  the  Mediterranean  cities,  Athens-Piraeus  has  a  high 
development.  If  Tel  Aviv-Yafo  actually  had  an  A1  sone,  rather  than  simply 
some  string  commercial  streets  among  apartment  sones,  the  buildings  would 
be  framed  light-clad  as  are  virtually  all  buildings  in  this  rapidly 
developing  city.  The  Asian  cities  are  two  opposites.  Colombo  is 
economically  backward  with  only  one  incipient  new  area  of  "light-dads." 
Kuala  Lumpur,  by  contrast,  is  the  epitome  of  rapid  growth  in  a  dynamic 
economy  where  large  numbers  of  new,  high-rise  framed  light-clad  buildings 
are  currently  under  construction. 


Urban  Terrian  Zone  Al:  Building  Heights 

Building  height  is  s  valuable  and  interesting  fact  for  MOOT  planners. 
First,  the  distribution  of  height  of  buildings  is  an  indication  of  the 
amount  of  floor  surface  area,  considering  that  each  floor  is  another 
replication  of  ground  surface  area.  Thus,  in  the  simplest  form,  the  ground 
surface  is  multiplied  several  tisMs  and  thus  provides  that  much  mote  space 
for  deploying  defenders,  weapons,  and  other  military  components. 


Building  height  is  also  a  rou(;h  indication  of  type  of  construction, 
considering  the  practical  liicit  of  five  stories  for  mass  construction 
buildings  and  the  virtual  lack  of  limit  to  the  height  of  framed  buildings. 
Generally,  there  are  very  few  mass  construction  structures  taller  than  five 
stories  and  few  framed  structures  shorter  than  three  stories. 

For  the  purposes  of  analysis  (see  Table  8  and  Figure  54),  discrete 
floor  heights  are  given  for  buildings  ranging  from  three  stories  through 
seven  stories,  the  most  common  heights  in  core  areas  of  cities.  Beyond 
this  (eight  or  nore  stories),  building  heights  vary  widely.  A  grouping  of 
such  structures  covers  a  class  that  ranges  from  eight  through  thirty 
stories. 

0£  the  shorter  structures,  24.0  percent  of  buildings,  in  the 
aggregate,  are  at  the  three-story  height,  20.4  percent  are  four  stories 
tall,  and  15.6  percent  are  5  stories  in  height.  In  other  words,  60  percent 
of  all  buildings  in  this  core  area  sone  are  three,  four,  and  five  stories 
tall.  Of  the  remainder,  the  largest  group  is  the  top  class  (eight  and 
above)  accounting  for  22.0  percent  of  the  total.  This  means  that  just  less 
than  one-quarter  of  all  of  the  buildings  iu  the  Al  zones  are  what  might  be 
called  "high-rise"  while  the  remainder  forms  a  relatively  low  profile. 

Regional  deviations  from  the  aggregate  are  readily  explainable. 
Looking  first  at  the  three-story  buildings,  the  European  cities  record 
relatively  low  proportions  (with  the  exception  of  Helsinki).  The  ready 
answer  is  that  such  relatively  low  buildings  are  inefficient  users  of 
scarce  downtown  urban  space;  most  have  long  since  been  replaced  by  taller 
buildings.  Of  the  Mediterranean  cities,  Athens-Piraeus  has  long  since  had 
such  critical  need  for  surface  space  that  the  average  building  height  has 
had  to  be  fairly  great,  Tunis,  however,  is  still  pretty  much  a  sleepy 
backwater  and  has  shown  little  inclination  to  replace  low  buildings  with 
taller  structures.  The  same  holds  true  for  Colombo,  where  many  of  the 
shorter  juildings  remain  essentially  as  they  have  for  suiny  decades.  Kuala 
Lumpur  is  the  curious  case  having  still  both  large  areas  of  the  older,  less 
efficient  "colonial"  structures  arl  sections  of  the  most  modern  of  new 
framed  high-rise  structures.  Of  cLc  Latin  American  cities,  Panama-Balboa 
is  a  city  with  a  generally  low  profile  while  Caracus — although  it  has  many 
remnant  low  structures — has  large  areas  of  dramatic  new  framed  light 
buildings. 

Going  upward  in  height,  to  the  four-,  five-,  and  six-story  buildings, 
we  see  the  archetypal  European  city  character.  Structures  of  Li>\3  height 
attain  the  maximum  number  of  floors  practical  without  provision  of  elevator 
service.  Such  buildings  are  efficient  users  of  expensive  urban  land. 
Semblances  of  the  same  pattern  show  up  in  all  of  the  regions  with  the 
exception  of  Caracas,  which  has  either  low  structures  or  the  very  tall,  new 
skyscrapers. 
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I/roan  Terrain  Zone  A1 
Building  Heights:  Nunher  and  Percent 
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At  the  higher  end  of  the  scale,  Buropa  is  the  region  (within  the  study 
cities)  with  the  relatively  fewest  tell  buildings.  Part  of  this  is 
attributable  to  the  clinging  to  older,  classical  fores  of  design.  Conaon 
in  a  West  Gersuin  city  are  successive  blocks  of  recently  constructed,  fraaed 
light-clad  buildings  attaining  heights  of  only  sosm  five  stories.  By  way 
of  contrast,  Athens-Piraeus  has  a  considerable  nuid>er  of  buildings  in  its 
A1  area  that  are  at  or  above  eight  stories;  Kuala  Luapur  and  Caracaa  have 
skylines  punctuated  by  tall  akyscrapers. 


Urban  Terrain  Zone  Al:  Building  Surface  Texture 

The  texture  of  the  exterior  surface  of  buildings  is  significant  to 
MOUT  considerations  of  the  city  because  of  the  possible  effect  it  has  on 
::he  behavior  of  warheads  fired  at  buildings.  Surface  textures  very  froa 
smooth,  as  with  glass  and  cos^osition,  to  very  rough,  as  with  brick  and 
stone. 

The  nature  of  texture  is  a  product  of  soveral  factors.  An  obvious  one 
is  architectural.  The  architect  prescribes  a  certain  texture  in  order  to 
achieve  a  desired  effect  in  the  appearance  of  the  building.  This  decision, 
however,  is  tenpered — as  are  all  choices  in  building  design — by  cost, 
characteristics  of  the  building,  and  the  building's  intended  function.  An 
exaaple  of  the  interaction  of  tom  of  these  can  result  in  an  exposed 
surface  of  decorative  brick  veneer  on  a  fraaed  structure.  Or,  a  vetear  of 
stone  night  be  selected  to  cover  a  brick-constructed  building.  Or,  a 
frasnd  light-clad  building  nay  have  a  "skin"  of  glass. 

The  classes  recorded  require  explanation.  The  class  entitled  Brick 
indicates  exposed,  laid  brick  and  is  usually  of  the  eoanon  sixe  (sons  11  by 
23  centiaeters) ;  the  surface  is  generally  that  of  coason  bricks.  Stone  is 
nostly  decorative  and  aay  have  either  a  polished  or  en  unpoliahed  surface. 
Plaster  is  coaaonly  around  3  centiaeters  thick  and  has  the  usual  sand-based 
texture.  Glass  is  a  tern  used  here  for  buildings  with  a  conplete  glasa 
"skin."  Of  course,  virtually  all  the  other  buildings  have  windows;  the 
reference  to  other  aaterial  is  that  between  the  windows.  Coaposition 
refers  to  building  aaterial  of  plastic  or  fiberglass. 

Order  does  exist  (see  the  data  in  Table  9  and  the  graph.  Figure  55). 
First,  a  majority  of  buildings  in  the  study  (some  62.2  percent)  are  plaster 
covered  The  aain  reason  for  the  builder's  choice  of  plaster  is  that  it  is 
suitable  as  a  cover  to  protect  the  aortar  of  bricks  forming  the  walls 
(either  load-bearing  or  in-fill)  of  buildings.  It  is  also  easily  gives 
further  protection  with  paint.  The  percentage  is  so  high  (higher  than  the 
proportion  of  raass  construction  [aostly  brick] because  plaster  is  used 
both  to  cover  the  bricks  of  asss  construction  buildings  and  to  cover  the 
terra-cotta  and  concrete  block  "in-fill"  walls  of  reinforced  concrete 
frasad  structures. 


Urban  Terrain  Zone  A1 

Building  Surface  Texture:  Iluaber  and  Percent 
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R«f«rriat  to  th«  total  figurea  for  othar  texturaa,  wa  see  that  only  a 
small  parcantaga  (5.4  parcant)  has  axpoaad  brick,  and  a  similar  figura  (6.7 
parcant)  has  axposad  stona  (stoat  of  which  is  vanaar).  Tha  remaining 
classes,  glass  and  compoaition  (found  only  on  framed  buildings),  form  9.4 
parcant  and  16.2  parcant,  raspactivaly,  of  all  buildings  sampled. 

4n  examination  of  tha  regional  patterns  shows  that  in  soma  cases  there 
is  little  deviation  from  tha  aggregate  figurea  while  in  others  there  is 
considerable  difference.  Showing  little  difference  from  place  to  place  is 
the  incidence  of  occurrence  of  brick  and  stone.  Plaster,  on  the  other 
hand,  shows  rather  broad  regional  difference.  Some  of  this  is  due  to  basic 
differences  in  construction  type.  Por  instance,  the  high  proportion  of 
plastered  buildings  in  Vienna  (in  the  A1  area)  is  related  to  its  high 
proportion  of  brick  structures  virtually  all  of  which  are  plastered.  Con¬ 
versely,  Athens -Piraeus  has  a  low  figure  thanks  ‘o  that  sone's  high  pro¬ 
portion  of  framed  buildings.  The  areas  with  con  'latently  high  proporticus 
of  plaster-covered  buildings  are  found  in  Asia  an>.i  in  Latin  America.  Both 
areas  have  large  nusdters  of  plaster-covered  framed  buildings  .:^nd,  in 
addition,  a  fair  number  of  plastered  bmss  structures.  The  figures  for 
glass  structures  is  fairly  even  everywhere  except  for  Athens  with  Its  high 
proportions  of  framed  structures.  The  greatest  deviations  of  compoaition 
surfaces  is  aeen  in  Europe  and  especially  in  the  German  cities  of 
Braunschweig  and  Stuttgart.  Along  with  Finland,  Germany  uses  its  high 
technology  level  to  produce  a  wide  variety  of  building  materials.  Advanced 
architectural  designs  add  to  the  variety  of  materials  selected. 


CONaUSlONS 

•  Though  many  conditions  vary  widely  for  cities  around  the  world,  a 
positive  sense  of  order  and  replication  exists  for  the  urban  terrain  tones 
of  these  cities. 

•  Urban  terrain  tones  and  building  types  of  these  cities  are  readily 
classified  in  accordance  with  a  universal  scheme. 

•  The  study  cities  are  remarkably  similar  in  the  physical  characteris¬ 
tics  of  their  building  and  terrain  cones  despite  visual  differences  in 
architecture. 

m  Interpreting  remotely  sensed  imagery,  supported  by  *'groviod  truth" 
observations,  is  a  valid  method  of  acquiring  highly  detailed  data. 

•  Field  observations  indicate  that  the  principles  concerning  MOUT 
usage  of  buildings  (developed  in  Bllefsen,  Carlson,  Thein,  Milligan,  Lein, 
&  Kanemoto,  1981)  are  applicable  to  study  cities. 

•  The  urban  terrain  cones  delimited  in  the  study  are  near  the  optimum 
level  of  generalisation  to  serve  the  needs  of  a  variety  of  MOUT  studies. 

•  Variations  in  cities  from  region  to  region  are  caused,  to  a  con¬ 
siderable  degree,  by  differences  in  level  of  econcmic  development  and 
cultural  preferences. 


119 


•  Development  of  a  spatial  model  can  be  achieved  by  expanding  and 
using  the  single  urban  terrain  cone  thematic  maps.  Such  a  model  has  a  high 
potential  value  for  future  MOUT  studies. 

•  Variations  in  cities  from  region  to  region  are  caused,  to  a 
considerable  degree,  by  differences  in  level  of  economic  development  and 
cultural  preferences. 

•  The  extensive  spatial  expansion  of  cities  throughout  the  world  in 
the  last  three  decades  has  significant  ramifications  for  MOUT.  One  is  the 
greatly  increased  use  of  reinforced  concrete  framed  construction  in  all 
parts  of  cities.  This  is  only  one  expression  of  the  pronounced  trend  to 
using  even  lighter  construction.  These  structures  commonly  use  terra-cotta 
brick  as  in-fill  between  the  columns  and  beams  (Figure  56).  Another  is  the 
construction  of  such  related  urban  terrain  zones  as  detacued,  high-rise 
apartments,  truck-related  industrial/storage  zones,  and  shopping  centers. 
These  have  the  effect  of  producing  a  somewhat  sharper  edge  to  the  ^  :riphery 
of  the  city  than  is  the  case  with  unplAt^ned  incremental  expansion  composed 
priiaarily  of  houses. 


RECOMMENDATIONS 

•  MOUT  planners  should  develop  a  data  base  (containing  information  on 
terrain  zones,  buildings,  etc.)  for  a  large  number  cf  intsrnational  cities 
where  threat  situations  could  occur.  Such  a  base  would  be  useful  both  to 
general  theoretical  studies  and  to  the  development  of  a  discrete 
inventory. 

•  Develop  a  general  spatial  model  of  the  urban  terrain  zones  of  cities 
with  variations  of  the  model  for  the  different  regions. 

•  Prepare  contingency  planning  for  the  new  type  of  features 
encountered  in  the  ever  expanding  peripheral  areas  of  cities,  the  region 
loosely  and  misleadingly  referred  to  as  the  suburbs. 

•  The  data  acquired  and  the  knowledge  gained  of  the  characteristics  of 
the  MOUT  environment  should  be  transmitted  to  the  entire  MOUT  community  in 
general  and  to  branches  of  Che  U.S.  Army  in  particular. 

•  The  concept  of  urban  terrain  zones  should  be  directed  to  MOUT 
planners,  especially  those  in  combat  development  and  weapons  development. 
These  zones  could  serve  as  elementary  building  blocks  in  the  development  of 
specialized  techniques  and  variations  of  weapons.  The  MOUT  environment  is 
significantly  varied  from  place  to  place  within  the  city  and  these 
differences  should  be  incorporated  into  thinking  about  urban  combat.  The 
urban  terrain  should  not  be  treated  simplistically.  Each  urban  terrain 
zone  has  advantages  and  disadvantages. 
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Figure  56.  Cross  sec' ion  (top  view);  typical  terra-cotta  building  block 
ia-£ill  all  (franed  light-clad  construction). 
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BUILDING  CONSTRUCTION  TYPES:  DEFINITIONS 


Many  building  classification  systems  exist.  Some  emphasize  how  the 
structures  are  used.  Others  are  based  on  the  style  of  architecture  employed 
None  of  the  existing  civilian-based  systems  however,  is  suitable  for 
weapons /combat  development  use.  Systems  previously  used  for  military 
purposes  have  all  been  designed  for  such  specific  purposes  as  bomb  damage 
assessment  or  were  specifically  intended  for  only  a  part  of  the  world  and 
do  not  meet  the  broad  weapons/combat  development  concerns  addressed  in  this 
report.  Accordingly,  introduced  here  is  a  system  that  is  based  on  an 
important  military  consideration — the  physical  properties  of  buildings  and 
the  significance  of  these  in  a  potential  urban  combat  situation.  Further, 
the  system  is  applicable  for  urban  areas  throughout  the  world. 

The  system  concentrates  on  the  two  primary  methods  used  to  erect 
buildings.  One  method  depends  on  the  strength  of  the  walls  to  hold  up  the 
building  and  its  contents.  The  other  method  relies  upon  a  frame  to  bear 
all  the  load  of  a  building  and  its  contents. 

The  distinction  is  fundamental  and  is  of  primary  concern  to  the  sol¬ 
dier  in  the  field  and  military  operations  on  urban  terrain.  In  the  first 
method — the  load-bearing  walls  system — the  outer  walls  (and  certain  inte¬ 
rior  walls)  of  a  building  must  be  quite  thick  in  order  to  give  them  enough 
strength  to  bear  loads.  The  thick  walls  of  these  buildings  naturally 
provide  more  cover  than  do  the  thin  walls  associated  with  framed  construc¬ 
tion.  Walls  of  framed  construction  buildings  are  referred  to  as  "curtain 
walls"  because  they  do  little  more  than  cover  the  frame  and  protect  the 
interior.  (In  addition,  they  bind  the  frame  and  increase  its  rigidity,  but 
this  factor  adds  only  a  modest  degree  of  cover,  as  from  small-arms  fire). 

The  building  classification  used  in  this  document  is  based  on  the 
fundamental  differences  between  load-bearing  wall  construction  (herein 
called  mass  construction)  and  framed  construction  with  its  nonload-hearing 
walls.  The  relationship  to  amount  of  cover  provided  by  each  is  reflected 
in  the  data  given  on  the  crucial  features  of  wall  thickness  and  proportion 
of  windows  and  doors  to  blank  wall  space. 


THE  BUILDING  CLASSIFICATION  SYSTEM 

The  classification  system  (see  Figure  A-1)  views  mass  and  framed  con¬ 
struction  as  the  two  solutions  available  to  the  architect  to  solve  the 
problem  of  how  best  to  provide  the  type  of  building  required  to  meet  a 
specified  need.  The  two  solutions  are  mass  construction  buildings  or  framed 
construction  buildings.  The  solution  selected  depends  on  the  intended  use 
of  the  building. 

Unfortunately,  the  story  is  not  quite  that  simple  when  cities  all  over 
the  world  of  varying  ages  are  considered,  because  architects  in  the  past 
could  not  specify  the  use  of  such  materials  as  cteel  and  reinforced  con¬ 
crete  used  today  in  framed  buildings.  Most  older  buildings  (roughly  pre- 
1900)  used  mass  construction  techniques.  So  we  have,  in  cities  today, 
large  numbers  of  older  mass  constructed  buildings  (usually  made  of  brick) 
standing  alongside  more  modern  construction  replacements. 
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Figure  A— 1,  Univereal  urban  building  classification  system. 


Each  of  the  two  major  construction  types  (mass  and  framed)  is 
subdivided  into  two  parts.  Mass  construction  is  broken  into  unit  masonry 
and  concrete.  Unit  masonry  is  the  method  of  erecting  buildings  from 
individual  pieces  of  stone,  brick,  or  blocks.  The  method  is  ancient  and 
simple  (the  pyramids  were  built  in  this  way).  A  house  whose  walls  are  made 
entirely  of  brick  or  stone  is  a  good  example.  Concrete,  on  the  other  hand, 
is  a  material  that  can  be  poured  and  shaped  into  walls  and  other  parts  of  a 
building  that  then  harden  into  a  durable  material. 


Framed  construction  is  subdivided  into  wooden  post  and  lintel  as  one 
type  and  steel  or  reinforced  concrete  framed  as  another  type.  Wooden 
framed  buildings  are  a  common  sight  to  the  American  soldier  because  of  the 
widespread  use  of  wood  in  housing  construction  everywhere  in  the  U.S. 
Steel  or  reinforced  concrete  framed  construction  is  seen  in  cities  through¬ 
out  the  world,  especially  as  used  for  modern  high-rise  buildings  in 
downtown  areas. 

Details  of  each  type  of  construction  follow:  Full  descriptions  and 
drawings  of  each  type  appear  in  Ellefsen,  Carlson,  Thein,  Milligan,  Lein, 
and  Kanemoto,  1981.  Figures  A-2  through  A-S  are  excerpted  from  that 
volume.  The  following  subheadings  follow  the  organization  of  Figure  A-1. 


Mass  Construction 
Unit  Masonry 

Stone  Buxldings.  Two  subtypes  of  stone  buildings  exist:  rubble 
stone  and  ashlar  stone.  In  rubble  stone  construction,  irregularly  shaped 
stones  are  placed  one  on  top  of  another  to  form  walls.  Large  amounts  of 
mortar  are  used  to  bind  the  stones  together  and  to  fill  up  the  spaces 
between  them.  In  ashlar  (cut  or  dressed  stone)  construction,  the  stones 
are  shaped  into  rectangular  blocks  and  stacked  to  form  walls.  Because  of 
their  tight  fit,  little  mortar  is  required.  The  ashlar  stone  wall  is  more 
dense  than  the  rubble  stone  walls  and,  because  of  the  binding  accruing  to 
the  laying  of  regularly  shaped  blocks,  it  has  greater  strength  for  its 
width  than  does  rubble  atone. 

Rubble  stone  construction  is  the  cheaper  of  the  two  and  is  seen 
in  general  construction  where  stone  is  plentiful.  It  is  often  used  for  or¬ 
dinary  houses  in  such  areas;  much  of  the  older  construction  in  the 
Mediterranean  Sea  area  cities  is  of  rubble  stone.  In  these  areas,  some 
older  commercial  buildings  are  also  made  of  this  material. 

Ashlar  stone  construction  is  used  where  more  money  can  be  in¬ 
vested.  Common  occurrences  are  monumental  public  buildings  in  large,  impor¬ 
tant  cities.  Good  examples  of  these  buildings  are  churches,  government 
buildin]^<i,  and  old  fortifications.  Walls  may  be  up  to  several  feet  thick. 
They  are  often  found  in  the  administrative/cultural  urban  terrain  zone. 
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Brick  Buildings.  Viewed  in  the  simplest  way,  brick  is  a  man-made 
form  of  stone  (ashlar  stone,  in  particular)  made  small  enough  to  be  handled 
easily.  Forming  a  thick  wall  with  them  requires  only  that  large  numbers 
are  laid  (and  bound  by  mortar)  in  such  a  way  that  they  bind  and  brace  each 
other  for  maximum  wall  strength. 

Because  the  load  of  the  building  is  borne  by  the  wall,  only  about 
one-fourth  of  the  wall  can  be  given  over  to  windows  and  doors  without  . 

losing  vital  integrity.  To  help  replace  the  strength  lost,  there  will  be 
either  brick  arches  or  beams  made  of  stone  or  some  other  material  placed  on 
top  of  the  window  or  door  opening.  Also  those  windows  and  doors  that  these 
buildings  do  have  must  be  aligned  vertically  as  the  weight  of  the  building 
is  being  held  up  very  largely  by  the  amount  of  wall  lying  betvreen  these 
vertical  rows  of  windows. 

Another  feature  of  brick  construction  (and  a  very  important  one 
in  consideration  of  the  amount  of  cover  provided  by  the  walls)  is  that 
thicknesses  of  exterior  walls  are  greatest  for  the  ground  floor  and  are 
made  thinner  for  upper  floors  where  there  is  less  load  to  bear.  In  a 
common  situation,  the  wall  of  a  six-story  brick  building  is  twice  as  thick 
at  ground  floor  level  as  it  is  at  the  sixth  floor  level  (see  Figure  A-2). 

Brick  has  been  a  very  commonly  used  building  material  in  cities 
throughout  the  world  and  accounts  for  a  high  pro^nrtion  of  the  total, 
especially  in  the  older  parts  of  cities.  Brick  is  used  for  buildings  meant 
for  a  wide  variety  of  uses  although  the  most  common  use  is  for  residential 
buildings,  houses,  and  apartments.  Brick  is  also  very  commonly  used  for 
stores,  factories,  offices,  and  public  buildings.  A  note  of  caution, 
though,  many  buildings  having  brick  exposed  on  the  outer  walls  are  actually 
framed  structures  covered  with  brick  sheathing  thin  "curtain  walls."  « 

Block  Buildings.  Another  common  material  is  building  block,  the 
blocks  being  made  of  a  wide  variety  of  materials  including  concrete, 
pumice,  and  terra-cotta  (clay).  The  principle  that  the  wall  bears  the  load  * 

of  the  building  is  the  same  as  that  for  brick  buildings  although  these 
materials  are  used  for  "in-filling,"  the  making  of  nonload-bearing  walls 
for  steel  and  reinforced  concrete  framed  buildings  as  well.  Usually,  block 
mass  construction  buildings  are  only  one  or  two  stories  tall  and  thus  there 
is  no  need  for  the  ground  floor  wall  to  be  thicker  than  the  upper  floor 
wall.  When  additional  load-bearing  strength  is  required,  steel  reinforce¬ 
ment  bars  are  strung  in  holes  in  the  blocks;  mortar  is  then  poured  around 
the  bars. 


Block  construction  is  often  used  for  Icv-rise  comsiercial 
buildings  and  factories.  It  also  often  forms  the  basic  part  of  walls  of 
houses;  a  layer  of  regular  brick  is  usually  employed  as  a  sheathing. 

Concrete  Buildings.  Concrete  construction  takes  the  three  major 
forms  1)  poured-in-place;  2)  tilt-up;  3)  box-wall  principle. 
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Poured-in-Place  Concrete  Buildings.  These  ere  made  by  pour¬ 
ing  concrete  into  forms  to  make  walls  and  floors.  Often,  steel  reinforce¬ 
ment  is  used  to  add  strength.  The  walls  have  great  load-bearing  strength 
even  though  they  are  commonly  only  IS  to  20  centimeters  thick.  Also,  be¬ 
cause  of  their  high  density,  they  are  quite  resistent  tf'  1/>teral  forces  (as 
an  incoming  round).  Often,  even  though  such  rounds  mak?  in  the  wall, 
the  steel  reinforcement  bar  remains  intact.  This  method  construction  is 
seen  most  in  commercial  buildings  and  in  factories. 

Tilt-Up  Construction  Buildings.  Instead  of  pouring  concrete 
into  standing  vertical  forma  (to  make  walls),  concrete  is  poured  into  forms 
lying  on  the  floor  and  then,  %ihen  hardened,  hoisted  to  an  upright  position 
to  form  a  wall.  A  mesh  steel  wire  reinforcement  is  commonly  used  to  impart 
both  tensile  and  compressive  strength.  The  final  product  is  a  wall  that  is 
some  15  to  20  centimeters  thick  and  is  quite  resistant  to  both  vertical  and 
horisontal  forces.  This  form  of  construction  is  relatively  new  and  is  com¬ 
monly  seen  in  new  low-rise  industrial/storage  sones  in  the  United  States. 
Considering  the  history  of  the  spread  of  building  technology,  this  form  of 
construction  can  be  expected  to  be  seen  in  cities  throughout  the  world 
sometime  in  the  future. 

Box-Wall  Principle  Buildings.  This  form  of  construction  not 
only  uses  concrete  for  the  walls  but  for  floor/ceilings  as  well.  These  may 
either  be  poured-in-place  or  made  elsewhere  and  transported  to  the 
construction  site.  In  construction,  a  series  of  boxes  or  cells  is  formed, 
each  of  which  supports  the  other.  This  method  of  construcion  is  %rell'* 
suited  for  the  building  of  which  supports  the  other.  The  method  of 
construction  is  well-suited  for  the  building  of  apartments;  each  “cell"  is 
often  a  single  apartment. 


Framed  Construction 

Framed  con^i  cruet  ion  has  been  widely  used  throughout  the  world  for  cen¬ 
turies.  It  is  represeu'^ed  both  in  some  very  old  forms  and,  since  the  intro¬ 
duction  of  modern  building  materials,  some  very  new  and  important  forms. 
Amongst  Che  older  are  wooden  post  and  lintel  (beam)  structures,  seen  widely 
in  Europe  where  they  are  commonly  known  as  “half-timbered"  structures. 
Primitive  forms,  such  as  a  bamboo-framed  thatched  hut,  are  common  in  rainy, 
tropical  countries.  But,  frames  are  also  modern  for  it  was  Che  arrival  of 
steel  and  reinforced  concrete  frames  that  permitted  erecting  the  "sky¬ 
scrapers"  associated  with  Che  modern  city. 


Wooden  Post  and  Lintel 
♦ 

Thi^  method  of  construction  used  wooden  posts  and  lintels  (hori- 
xontal  bea:as)  wo  form  a  frame  that  bears  the  weight  of  the  building  and  its 
contents.  In  the  construction  process,  before  any  walls  are  put  in  place, 
these  posts  are  sec  a  few  feet  apart.  (With  balloon  construction — the 
method  used  very  widely  in  the  U.S.  to  build  detached  wooden  houses— Che 
"skeleton"  it  very  light,  being  composed  of  2x4* s  set  16  inches  apart). 
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Bxttrior  valU  ar*  nada  by  althar  placing  aatarial  ("in-£ill")  in  batwaan 
cha  Craoia  ■aid>ara,  in  tha  caaa  of  half-tio^arad  buildings ,  or  by  adding  a 
•haathing  ovar  tha  coluana  C'atud*')  in  balloon  conatruction.  In  either 
caaa,  thia  auitarial  adda  no  load-bearing  atrangth  and  ia  uaad  only  for 
protection  froa  tha  weather,  to  provide  atiffaning  to  tha  frame,  and  to 
close  off  interior  space. 

Half-Tiabared  Buildinaa.  These  buildings  have  frames  made 
of  squared  wooden  tiid>ers,  usually  about  8  inches  thick  (see  Figures  A-3). 
In  aost  cases,  the  fraaes  are  exposed  to  view  from  the  outside.  Further 
strength  is  given  by  short,  diagonal  braces  seen  especially  at  the  corners 
of  buildings  but  also  elsewhere  in  the  structure. 

The  walls  are  made  of  various  materials  placed  in  between 
the  frame  aeabera  and  are  the  same  thickness  as  those  columns,  beams,  and 
braces.  Materials  used  at  the  time  of  construction  were  a  single  row  of 
bricks  or  often  just  straw  and  mud.  Repairs  are  often  made  today  using  any 
handy  material,  for  example,  brick,  building  block,  etc.  In  all  cases, 
though,  the  wall  is  far  lighter  than  those  of  mass  construction  buildings. 
iOles  can  be  punched  in  the  walls  using  hand  tools.  Roofs  are  also  fairly 
light,  being  made  siaq>ly  of  rafters  and  stringers  covered  by  terra-cotta 
tile. 


Many  times,  especially  in  Germany,  the  walls  of  these  old 
buildings  (many  are  several  hundred  years  old)  have  been  covered  with  a 
sheathing  of  shingles,  tar  paper,  plaster,  or  soma  other  low-cost  material 
to  protect  decaying  walla  from  the  elements.  When  these  buildings  are  so 
covered,  they  may  look,  at  a  glance,  much  like  brick  structures  whose  outer 
walls  have  been  sheathed  by  some  other  material.  A  major  difference  occurs, 
though,  in  the  pattern  of  the  windows.  In  mass  construction  buildings, 
windows  are  always  aligned  vertically.  In  half-timbered  buildings— as  with 
any  frasmd  buildings— windows  can  be  placed  anywhere  along  a  wall  (as  long 
as  they  are  between  supporting  columns  of  the  frame)  without  reducing  the 
strength  of  the  structure. 

Half-timbered  buildings,  built  in  great  numbers  over  a 
period  of  several  hundred  years,  are  very  common  in  swny  place  in  north¬ 
western  Europe.  They  avA  in  current  use  for  houses,  barns,  and  stores.  In 
many  parts  of  Germany,  they  form  the  moat  common  type  of  building  in  agri¬ 
cultural  villages.  In  these  instances,  houses  and  barns  are  either  very 
close  to  one  another  or  are  connected.  Half-timbered  buildings  are  also 
found  in  great  nu^ers  in  central  areas  of  small-  to  madium-sised  towns. 
In  larger  cities,  these  small,  old  structures  have  been  replaced  by  modern 
buildings  in  core  areas  and  are  found  only  in  outlying  parts  of  the  city 
where  agricultural  villages  have  been  surrounded  by  modern  suburbs. 


Balloon  Construction  Buildings, 
uans*'  and  '*beam"  (2  x  4  In^es 


_ _ _ _ _ _  practice  of  using  sull 

dimension  "columns"  and  "beams"  (2x4  inches  or  equivalent  mmasurements) 
came  about  only  with  the  widespread  introuction  of  sawmills  using  power  rip 
saws.  These  provided  the  means  to  reduce  building  construction  costs  and 
to  simplify  the  process. 
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The  outer  walls  are  foraed  by  covering  the  frame  with  some 
form  of  "sheathing."  Common  materials  are  wood  siding  and  a  single  width 
of  brick.  (Note:  Many  buildings  that  appear  to  be  made  of  brick  have  only 
a  sheathing  of  brick  over  a  wooden  frame.  The  sheathing  is  generally  thin, 
no  more  than  10  centimeters.  Such  walls  provide  little  cover.) 

Roofs  and  floor/ceilings  are  very  lightweight.  Roofs  also 
are  light,  consisting  of  rafters,  stringers,  and  a  covering  of  tar  paper, 
tile,  shingles,  or  shakes. 

In  therfe  areas,  balloon  construction  is  used  widely  for  many 
types  of  buildings.  Housing,  especially  detached  (both  single  family  and 
small  apartments)  is  the  most  common.  Commercial  businesses,  small 
warehouses  and  factories,  also  use  this  form. 


Steel  or  Reinforced  Concrete  Framed 

Framed  buildings,  constructed  since  their  invention  in  about 
1890,  have  skeleton  frames  made  of  either  ste<^l  girders  (large  1-shaped 
members)  or  concrete  poured  in  the  shape  of  columns  and  beams  around  steel 
reinforcement  bars.  Whether  these  frames  are  made  of  one  material  or  the 
other  may  be  important  where  the  collapse  of  a  building  is  involved.  Of 
immediate  importance,  though,  is  that  with  both  types  of  frames,  the 
exterior  walls — being  nonload -bearing — are  thinner  than  those  of  mass 
construction  buildings.  Accordingly,  they  provide  only  slight  amounts  of 
cover. 


The  basic  subdivision  into  heavy-  and  light-cladding  refers  to 
the  thickness  of  the  "curtain  call"  material  (sheathing)  that  is  placed 
over  the  frame.  Heavy-clad  buildings  have  composite  curtain  walls  made  of 
such  items  as  ordinary  brick,  terra-cotta  brick,  and  possibly  a  veneer  of 
stone  and  are  in  the  vicinity  of  35  cm  thick.  Light-clad  structures  employ 
a  variety  of  materials.  Many  around  the  world  employ  a  single  row  of 
terra-cotta  brick  aa  "in-fill"  material  covered  with  a  layer  of  plaster 
(see  Figure  56,  page  121).  Others  use  glass,  aluminum,  decorative  brick, 
and  lightweight  concrete  aggregate. 

Heavy-Cladding.  The  use  of  heavy-cladding  was  common  for 
framed  buildings  constructed  during  the  period  from  about  1890  to  1941 
(Figui  a-4).  During  that  time,  buildings  were  styled  to  look  like 
tradit  aal  mass  construction  buildings.  Light-cladding  became  popular 
after  ;  ^rld  War  II  and  has  been  used  almost  exclusively  for  the  large 
number  of  modern  buildings  that  have  been  erected  in  cities  since  that 
time. 
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Figure  A-4.  Building  types:  I,D,  characteristics  (framed,  heavy-clad). 


Littht-Cladding.  These  buildings  (Figure  A-5)  are  easily 
recognised  by  the  obviously  thin  outer  wall  material,  although  some tiir  is 

•  ij*  <4^01  snad  tn  look  '*heavy"  by  prescribing  use  of  ligh».weighL 

1“  I  Ub"  t  10  to  15  c  thick),  so™  h™.  the 

•“Err  Efr 

?5«r«f  "thet.  hi,,  floor.  1.U  cer  reinforced  concrete  floor  jotnt.  ot 
"waffle-pattern"  concrete  forms. 

These  buildings  are  especially  common  in  downtown  areas 
where  they  are  used  mostly  for  offices,  hotels,  and  stores.  They  are  also 
r.  -o«  ^n  hoilding’'  type  in  the  "outer  city"  urh.n  «cc*tn  tone. 
Another  common  use  is  the  high-rise  apartment  buildings.  These  exist  in 
virtually  every  country  of  the  world  and  are  especially  prevalent  in  new_> 
Jevelloped  sections  of  cities  in  Africa,  Asia,  and  Latin  A 

variation  of  this  construction  method  is  also  used  widely  for  j«cto  y 

buildings.  Common  with  factories  (and  warehouses)  is  ihe  use  of  a  light 

steel  frame  covered  with  light  corrugated  steel  or  some  compositio 

material. 

Because  of  their  often  great  height,  these  structures  could 
be  used  for  observation  posts,  keeping  in  mivid  that 

flight  A  possible  use  of  offices  in  light-clad  structures— which  usually 
have  large  "open  bay"  rooms— would  be  deployment  of  "back-blast  weapons. 
A  specTal  variation  of  these  light-clad  buildings,  the  modern  parking 
tarage,  has  extra  heavy  floor/ceilings  (to  allow  for  the  weight  of 
Jehi?les).  These  could  provide  considerable  cover  against  vertically 

falling  munitions. 
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APPENDIX  B 

BUILDING  HEIGHT;  TEREAIN  ZONES 
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Building  Height 


1  to  5 


Numb 


Terrain  Percent  Dominant 
Zone  Height 


Table  B-1 


Terrain  Zones  -*  Helsinki 


ler  of  Stories 

5  to  15 

15  to 

30 

Percent  Dominant 

Percent 

Dominant 

Height 

Height 

29  7 

9  8 

14  8 

8  8 

6  6 

46  9 
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Table  B-2 


Building  Height: 

Terrain  Zones  -  Braunschweig 

Humber  o£  stories 

1  to  5  5  to  15 

15  to 

30 

Terrain 

Zone 

Percent  Dominant 
Height 

Percent  Dominant 

Height 

Percent 

Dominant 

Height 

A2 

- 

A3 

- 

- 

A4 

- 

- 

A5 

- 

- 

A9 

- 

- 

Del 

100 

10 

Dc2 

100 

4 

Dc3 

100 

2 

Dc4 

91 

2 

6 

6 

Dc5 

«• 

- 

Dc7 

100 

2 

Dc8 

- 

- 

Dol 

100 

1 

Do2 

88 

4 

12 

10 

DoS 

100 

2 

Do4 

100 

2 

Do5 

- 

- 

Do6 

87 

4 

13 

7 

Do31 

100 

1 
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Table  B-3 


Building  Height:  Terrain  Zones  -  Stuttgart 


1  to  5 

Number  of  stories 

5  to  15 

IS  to 

30 

Terrain 

Percent  Dominant 

Percent  Dominant 

Percent 

Dominant 

Zone 

Height 

Height 

Height 

■« 


A2 

100 

5 

A3 

100 

4 

A4 

100 

4 

A5 

100 

3 

A9 

- 

- 

Del 

Dc2 

100 

4 

Dc3 

100 

2 

Dc4 

84 

2 

Dc5 

- 

- 

Dc7 

100 

3 

Dc8 

- 

- 

Dol 

Do2 

83 

- 

Do3 

100 

l 

Do4 

100 

2 

DoS 

- 

- 

Do6 

87 

3 

Do31 

- 

- 

17  8 

13  6 


Table  B-4 


Building  Height:  Terrain  Zonea  -  Vienna 


1  to  5 

Humber  o£  etoriee 

5  to  15 

15  to 

30 

Terrain 

Percent  Dominant 

Percent  Dominant 

Percent 

Dominant 

Zone 

Height 

Height 

Height 

A2 

75 

5 

25 

8 

A3 

100 

4 

A4 

100 

4 

A5 

100 

5 

A9 

- 

- 

Del 

• 

Dc2 

95 

4 

5 

7 

Dc3 

100 

2 

Dc4 

100 

2 

Dc5 

- 

- 

Dc7 

100 

2 

Dc8 

- 

- 

Dol 

— 

Do2 

66 

5 

34 

10 

Do3 

100 

2 

Do4 

100 

2 

DoS 

- 

- 

Do6 

95 

5 

5 

7 

Do  31 

100 

1 

14« 


Table  B-5 


Building  Height:  Terrain  Zones  -  Athens-Piraeus 


1  to  5 

Number  of  stories 

5  to  15 

IS  to 

30 

Terrain 

Percent  Dominant 

Percent  Dominant 

Percent 

Dominant 

Zone 

Height 

Height 

Haight 

A2 

25 

5 

75 

9 

A3 

100 

4 

A4 

100 

3 

A5 

- 

A9 

- 

- 

Del 

Dc2 

88 

5 

12 

7 

Dc3 

100 

3 

Dc4 

91 

2 

9 

7 

Dc5 

- 

- 

Dc7 

- 

- 

Dc8 

- 

- 

Dol 

Do2 

36 

5 

64 

12 

Do3 

100 

2 

Do4 

100 

2 

DoS 

67 

5 

33 

9 

Dob 

81 

4 

19 

8 

Do31 

•• 

* 
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T<bU  B-6 


Buildicg  Height:  Terrain  Zone*  -  Tal  Aviv-Yafo 


1  to 

5 

Number  of 
S  to 

atoriea 

IS 

15  to 

30 

Terrain 

Percent 

Dominant 

Percent 

Dominant 

Percent 

Dominant 

Zone 

Height 

Height 

Height 

A2 

S6 

4 

44 

7 

A3 

100 

3 

A4 

100 

3 

AS 

- 

A9 

- 

- 

Del 

Dc2 

80 

4 

20 

10 

Dc3 

100 

2 

Dc4 

100 

2 

Dc5 

- 

- 

100 

12 

Dc7 

100 

1 

Dc8 

- 

- 

Dol 

«« 

Do2 

9 

S 

91 

10 

Do3 

100 

2 

Do4 

100 

2 

DoS 

- 

- 

Do6 

92 

4 

8 

6 

Do3I 

•• 

* 
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Tabl*  B>7 


Building  Knight;  Tn^rmin  Zonns  -  Beirut 


Nunber  of 

stories 

1  to 

s 

S  to 

15 

15  to 

30 

Term  in 

Percent 

Dominent 

Percent 

Doainent 

Percent 

Dominent 

Zone 

Height 

Height 

Height 

A2 

10 

.S 

SI 

10 

39 

22 

A3 

69 

S 

31 

10 

A4 

S7 

s 

43 

8 

AS 

- 

- 

A9 

- 

- 

Del 

^  37 

100 

25 

Dc2 

38 

s 

12 

25 

20 

Dc3 

100 

2 

Dc4 

88 

2 

12 

6 

DcS 

- 

- 

Dc7 

- 

1 

DcS 

100 

- 

• 

Dol 

— 

Do2 

- 

- 

26 

12 

74 

25 

Do3 

- 

Do4 

100 

2 

DoS 

- 

- 

DoS 

81 

4 

19 

10 

Do31 

- 

- 

T«bl«  B-8 


Building  Hci^t:  Terrain  Zonea  -  Colombo 


1  to  S 

Number  of  stories 

5  to  15 

15  to 

30 

Terrain 

Percent  Dominant 

Percent  Dominant 

Percent 

Dominant 

Zone 

Heigbi: 

Height 

Height 

A2 

- 

- 

A3 

100 

2 

A4 

86 

2 

14 

6 

A5 

100 

4 

A9 

- 

- 

Del 

_ 

100 

10 

Dc2 

100 

3 

Dc3 

100 

2 

Dc4 

92 

2 

8 

6 

Dc5 

- 

Dc7 

- 

- 

Dc8 

100 

1 

Dol 

— 

— 

Do2 

95 

4 

5 

10 

Do3 

100 

2 

Do4 

100 

1 

DoS 

- 

- 

Do6 

87 

3 

13 

7 

Do31 

- 

- 
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Tabltt  B-9 


Building  Height:  Terrain  Zone*  ~  Kuele  Lumpur 


1  to 

S 

Number  of  atoriet 

S  to  15 

15  to  30 

Terrain 

Percent 

Dominant 

Percent 

Dominant 

Percent  Dominant 

Zone 

Height 

Height 

Height 

A2 

100 

4 

A3 

100 

3 

A4 

100 

3 

AS 

100 

4 

A9 

- 

- 

Del 

Dc2 

77 

S 

23 

7 

Dc3 

100 

2 

Dc4 

100 

2 

DcS 

- 

33 

12 

67  30 

Dc7 

- 

<- 

DcS 

- 

0 

Dol 

100 

5 

« 

Do2 

73 

s 

27 

12 

Do3 

100 

2 

Do4 

100 

3 

DoS 

100 

2 

4 

Do6 

79 

4 

21 

8 

Do31 

• 
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Table  B-10 


Building  Height:  Terrain  Zones  -  San 

Jose 

Number  of  stories 

1  to  5  5  to  15 

15  to  30 

Terrain 

Zone 

Percent  Dominant  Percent  Dominant 

Height  Height 

Percent  Dominant 
Height 

A2 

75 

4 

25 

12 

A3 

100 

2 

A4 

100 

3 

A5 

80 

4 

20 

6 

A9 

— 

- 

Del 

100 

12 

Dc2 

100 

3 

Dc3 

100 

2 

Dc4 

100 

4 

Dc5 

- 

- 

Dc7 

- 

«• 

Dc8 

— 

0 

Dol 

100 

1 

Do2 

100 

5 

Do3 

100 

2 

Do4 

100 

3 

Do5 

- 

- 

Do6 

76 

4 

24 

10 

Do31 

- 

- 

Table  B-11 

Building  Height:  Terrain  Zones  -  Pana'aia  City 


1  to 

5 

Number  of 
S  to 

stories 

15 

IS  to 

30 

Terrain 

Percent 

Dominant 

Percent 

Dominant 

Percent 

Dominant 

Zone 

Height 

Height 

Height 

A2 

mm 

A3 

100 

2  f 

A4 

100 

3 

AS 

100 

4  i 

A9 

100 

2 

Del 

— 

100 

12 

Dc2 

100 

2 

Dc3 

100 

1 

Dc4 

100 

2 

Dc5 

100 

15 

Dc7 

- 

- 

Dc8 

100 

1 

Dol 

100 

2 

Do2 

18 

4 

52 

12 

30 

20 

Do3 

100 

1 

Do4 

100 

2 

DoS 

100 

1 

Do6 

63 

4 

37 

7 

Do31 

• 

Table  B-12 


Building  Height:  Terrain  Zones  -  Panama  City 


Number  of  stories 

1  to  5 

5  to  15 

15  to 

30 

Terrain 

Percent  Dominant 

Percent  Dominant 

Percent 

Dominant 

Zone 

Height 

Height 

Height 

A2 

37 

4 

49 

12 

14 

20 

A3 

100 

2 

A4 

100 

2 

A5 

60 

3 

40 

12 

A9 

100 

1 

Del 

— 

Dc2 

7 

4 

61 

12 

32 

25 

Dc3 

100 

2 

Dc4 

94 

2 

6 

7 

Dc5 

100 

30 

Dc7 

- 

- 

Dc8 

100 

1 

Dol 

Do2 

37 

10 

63 

20 

Do3 

- 

- 

Do4 

100 

2 

DoS 

50 

4 

50 

7 

Do6 

63 

4 

37 

10 

Do31 

• 
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APPENDIX  C 

THEMATIC  URBAN  TERRAIN  ZONE  MAPS 


I 
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Q® 


Helsinki: 


172 


176 


Braunschweig:  Engulfed  agricultural  village  (Dc7) 


i 


177 


BraunschwtiQ;  Apartirwnts,  <75%  ground  covorago  (0o2) 


179 


km 

Braunschweig:  Admtntstratlve/cuUural  (Do6) 


184 


Braunschweig:  Leased  garden  areas  Iwith  huts]  (Do3 1 ) 


Stuttgart  Industrfal/storag^,  RR  or  dock-related 


(I 


Stuttgart:  Houses,  <75*  ground 


Stuttgart:  Industrial/storage,  truck-related  {Do4) 


1 

I 


Stuttgart:  Open  Space,  not 


000 


Vienna;  Apartments/hotels,  core  periphery  (A2) 


202 


1 :8C,000 


Vienna:  Apartments/row  houses  (A3) 


1  80,000 

Vienna:  inAjstrtal/atorage.  full  urban  fwin  (A4) 


Vienna:  Houses,  >75H  jfound  coverage  (Dc3) 


Vienna:  Outer  City  (Dc5) 


1  80,000 


Vienna:  Engulfed  agricultural  village  (Dc7) 


f 


210 


Vienna  Apartments,  <75%  ground  cwerage  (Do2) 


1:80,000 

Vienna:  Houses,  <75%  ground  coverage  (Do3) 


Vienna;  Industrlal/storage,  truck-related  (0o4) 


km 


214 


Vienna:  Open  Space,  not  built  upon  (ON) 


Vienna  Open  Space,  wooded,  not  built  upon  (OW) 


1:80,000 

Vienna:  Leased  garden  areas  [with  huts]  (Do3 1 ) 


km 


I 

I 


217 


218 


Athens'Ptraeus;  Apartments/row  houses  (A3) 


OcS 


Mhens-Plraeus.  Apartments,  <7b%  ground  coverage  (Do2) 


225 


Athens-Ptraeua  Houses,  <75*  ground  coverage  (Do3) 


226 


Athens-PIraeus:  IrxJustrial/storaoe.  truck-related  (Do4> 


227 


Atheos-Piraeus:  Admlntstratlve/cultural  (Oo6) 


Tel  Avtv-Yafo:  Apartments/hotels,  core  pertpjwy  (A2) 


Tel  Aviv-Yafo:  Industrlal/storage.  full  irt>an  form  (A4) 


! 


Tel  Avlv-Yafo;  Outer  CUy  (0c5) 


239 


Tel  AvW-Yafo;  Engulfed  agricultural  village  (Dc7) 


km 


243 


Tei  Avtv*>yaro;  open  Space,  not  bufit  upon  (ON) 


Tel  AvW-Yafa  Open  Space,  wooded,  not  built  upon  (OW) 


1:59,000 

Beirut:  Apartments,  >75%  ground  coverage  (Dc2) 


251 


1:59  000 


I 


IM 


km 


Beirut:  Industrial/storage,  truck-related  (Do4) 


256 


Tints:  Apartments/hotets,  core  pertphery  (A2) 


I 


262 


Tunis:  ^>artments/row  houses  (A3) 


Tunis;  Industrial/storage,  full  urban  form  (A4) 


Tunis:  iwKistriel/storage.  RR  or  dock-rciated  tDc4> 


Tunis;  Shanty  Towns  (Dc8) 


rvu VI 


unis:  InAistrial/storage,  truck-related  (Oo4) 


Tunis:  Administrative/cuiturai  (D<^) 


Tunis:  Open  Space,  wooded,  not  built  upon  (OW) 


m 


<3, 


10^ 

"b 


4 


Colombo:  Houets* 


Celemboc  htfwtntl/Mtrfg^  ttiiclK»1i*tb®o4> 


< 


Colombo;  Aiftntntstrattvo/cultirol  (Oo6) 


Colombo:  Opon  Spaco.  woodeil.  not  built  upon  (ow) 


0*1  Ion 


Kuala  Lumpur:  Apartments/hotels,  core  periphery  (A2) 


292 


Kuala  Lumpur;  Aparlments/rcw  houses  (A3) 


Kuala  Lumpur:  Apartments,  >75X  ground  coverage  (Dc2) 


296 


298 


Kuala  Lumpur;  Outer  City  (Dc5) 


299 


Kudia  Lurnpur.  Houses,  <75K  ground  coverage  (Do3) 


'4 


Kuala  Lumpur  Open  Space,  wooded,  not  built  upon  (OW) 


306 


Jose:  Apartmenls/row  houses  (A3) 


Panama-Balboa:  Cara  Area  (A1 ) 


Panama-Balboa:  Old  Cora,  vestigial  (A9) 


Panama*Balboa:  Urtan  Redeveloped  core  area  (Dc  I ) 


c 


I 


329 


Panama-Balboa:  Houses,  >75*  ground  coverage  (Dc3) 


km 


Panama-Balboa;  Outer  City  (DcS) 


S'* 


337 


338 


Panama-Balboa:  Admintstrative/cultural  (Do6) 


Panama-Ba1t>oa:  Open  Space,  not  built  upon  (ON) 


344 


346 


Caracas:  Old  Commercial  Ribbons  (A5) 


OW  Core,  vestigial 


349 


351 


332 


Shanty  Towns  (Dc6) 


% 

« 


\is,  <75%  ground  coverage  (()o2) 


354 


Industrfal/storage,  trxk-relat^  (Do4) 


3SS 


New  Commercial  RIMxnis  (DoS) 


r 


357 


Open  Space,  not  txjfit  upon  (ON) 


